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June 19, 1906. 

Sir EDMUYD LODER, Bt., Vice-president, in the Chair. 

The Secretary read the following report on the additions that 
had been made to the Society’s Menagerie during the month of 
May 1906 :- 

The number of registered aclditioiis to the Society’s Menagerie 
during the month of May was 391. Of these 169 were acquired 
by presentation, 25 by birth, 14 by purchase, 179 were received on 
deposit and 4 in exchange. The number of departures during 
the same period, by death and removals, was 229. 

Among the additions special attention may be called to :- 
Two Blilck-footed Cats (Pelis &gripes) from the Zanibesi, new 

to the Collection, presented by Mr. A. W. Guthrie on May 26th. 
A male Eland (Tcczcrotrccgus oryz) presented by the Duke of 

Bedforrl, K.G., President, on May 16th. 
Three Thrush-like Bulbuls (lucocilzcla crassirostvis) from the 

Seychelles, a Black Hang-nest (Cassidim orylziworcc) from Brazil, 
new to the Collection, and three Retl-crowned Pigeons ( A  Zectrcenccs 
pztlcherrinza) from the Seychelles, presented by the Eail of 
Crawforcl, K.T., F.R.S., F.Z.S., oil May 14th. 

The Hon. Walter Rothschild, Ph.D., F.Z.S., exhibited specimens 
of the Forest-Pigs Hylochmrics meinertzhmgeni, Potonaochmi*us 
chmopotamcs clmmonis, and Potomochcerus johmtoni ,  ancl made 
the following remarks :- 

The adult male of JFiTyZocherzts meinei*txhagewi Thomas is 
distinguished a t  a glance from Phchcochmrus by the absence of trhe 
second pair of “wai-ts” behind the tusks xnd the presence of 
gigantic warty excrescences below the eyes, some three times the 
size of those in Phcccocherus. It is also covered with much longer 
and thicker hair than Phacochmrus. The specimen exhibited is 
from the Nanrli Forest. 

Potrtriaochmrcu chceropotamzts clrenzoitis Major is distinguished 
a t  once by its intense black colour. The specimen exhibited is 
from Kiliina-njaro. 

The male of Potamochmrus johizstoni Major has the pelxge 
dirty red mixed with a few black hairs, and it is generally inter- 
mediate in colour between that of Potomoch~rus  chceropotccnaus of 
5. Africa and P. porcus of W. Africa. 

The skull shows the same distinctive features pointed out by 
Dr. Forsyth Major in P. Z. 8. 1897, pp. 367-368. The supra- 
occipital is exactly as in the 9 type, hardly incised at  all, but the 
malar and sqnamosal are enormously thickened ancl shortened, 
more as in P. Zarvatzts. The portion of the maxillary containing 
the tusk, however, is very attenuated, and though an old beast 
the tusk-stump is small. 

The specimen was obtained at  Fort Jainehon, N.E. Rhodesia. 

, 
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Mr. W. B a d e  Kent, F.Z.S., exhibitetl a series of lnnterndides, 
tnlien from photographs in iiaturul colours, illustrating the Fish 
and associated fauna of tlie Polynesian Coral Reefs. 

-- 
Dr. W. T. Calninn, F.Z.S., exhibited a photograph of a Lobster 

Test-fig. 110. 

Lob,ter (Homarzcs gninwn7*us) with similar chels. 
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(ITo?~accrzcs gccmnzccrris Linn.) with symmetrically developed chelse 
(text-fig. 110, p. 633), recently presented to the Natural History 
Museum by the Directors of Harrod’s Stores, Ltd. I n  the Lobster, 
as in many other Decapod Crustacea, the large c h e b  are nornially 
unsymmetrical 011 the two sides of the body, one being armed with 
blunt crushing-tubercles and being larger than the other, which 
has sharp, serrated cutting-edges. Occasionally, however, speci- 
mens are found. more frequently in the European * than in the 
American t species, in which both chelae are of similar size and 
shape. In  a11 such cases hitherto recorded, with the exception of 
one mentioned by Herrick on the  authority of a fisherman, but 
doubted by Stahr, both chelse were of the serrated, cutting type. 
It has been supposed that this might be due to regeneration 
after injury, since it is known that, in Brachyura, on removal of 
the crushing-claw, R cutting-claw is regenerated. Przibram $, 
however, failed to obtain such “ heteromorphic ” regeneration in 
the Lobster, and the present specimen throws still further doubt 
on the regeneration theory, since it posesses well-develojkd ancl 
quite typical crushing-chek on both sides of the body. I n  all 
other respects it is a perfectly normal male and weighed, when 
alive, four pounds ten ounces. It was caught near Stromiias, 
Orkney, and its peculiar character was noticed by Mr. Thompson, 
manager of the Fish department in Harrocl’s Stores, by whom it 
was brought under Dr Calman’s notice. 

Dr. Calman also exhibited, on behalf of Dr. A. Dug& C.M.Z.S., 
a specimen of the Crustacean Pakcemom jarnaicensis Herbst, from 
the Atoyac River, Vera Cruz, Mexico. 

Dr. C. G. Seligmann, F.Z.S., the Society’s Pathologist, exhibited 
the noita of a Tiger showing many aneurysms, and made the 
following remarks :- 

The specimen shown to-night was derived from a tigress which 
had been for thirteen years an inmate of the Society’s Gardens. 

The aorta shows advanced arterial disease, most pronounced in 
the descending aorta, where there is marked atheroma and where, 
in a length of about 180 mm., there are fourteen aneurysmal 
swellings varying in size from that of a pea to that of a fair-sized 
plum. The two largest swellings, the walls of which are of stony 
hardness, occur close together on opposite sides of the artery. The 
tricuspicl valves were perhaps thickened, ancl there may have been 
some tricuspirl incompetence, but there was little or no change in 
the aortic valves, and, except in the neighbourhood of the 
aneurysms, there is no appreciable calcifkation of the vessels. 

The kidneys showed changes of a chronic tuba1 character, 
without any marked excess of fibrous tissue. 

* Stahr, Jena. Zeitschr. xxxii. p. 464 (1898). + Herrick, “The American Lobster,” Bnll. U S .  Fish Comin. 1896, p. 143. 
5 Przibram, Zool. Bin. sxv. p. 12 (19@2), nud Arch. Entwickmecli. xix. p. 191 (1906). 
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The liver was tough and showed evidence of passive congestion. 
The suprarenal glands also seemed tougher than they should 

have been, but no excess of fibrous tiasiie existed, and the relation 
of cortex aiid medulla seemed noimal. Osteoarthritis existed in 
the large joints of both fore and hind limbs. 

Considerable interest attaches to this case, since when Dr. 
R. N. Salaman read a note before this Society two years * ago on 
the death of the Polar Bear from the bursting of a false aneurysm, 
he was able to quote Professor McFadyean to the effect that he 
knew of no case of aneurysm in wild animals, and that this: 
condition is extremely raw in the domestic carnivora. 

-- 

Dr. Seliginann also exhibited some tail-feathers from a Commoii 
Pheasant (phask?azcs colchicus), showing the markings peculiar 
to both sexes, and made. the following remarks :-The feathers 
exhibited are derived from the tail of a cock of the Common 
Pheasant which is still alive, and which during the greater part 
of 1905 was deposited for observation in the Society’s Gardens. 
The feathers were removed in July 1903 from the bird, then 
said to be betwetn two ancl three years old. All of them 
show the same change ; that is to say, the distal portion of each 
feather is male in pattern and colouriiig, while the proximal 
portion of the web shows the female character of these qualities. 
The bird from which these feathers were derived has shown no 
changes in any other part of its plumage, nor have its sexual 
habits been otherwise than normally male, aiicl during the spring 
of the present year it fertilisecl a nnmber of eggs. At the present 
time its appearance is fully male, and this has been the case ever 
since the summer of 1903, when the feathers shown, and others 
similarly marked, constituted the bird’s tail. The history of this 
bird is that about Christmas, 1902, the base of the feathers of the 
tail, which were then predominantly male, began to show the 
female colouring aiid patterning a t  their bases, ant1 that this 
spread as the feathers grev till in July 1903 the present 
condition was present. Unluckily there is no information as to 
its behaviour during the breeding-season of 1903, but probably 
its behaviour was normally male. The specimens shown have 
been deposited in the Musebm of the Royal College of Surgeons, 
and one of them has been figured by Mi,. 8. G. Shattock and 
myself in the ‘ Transictions of the Pathological Society of London ’ 
for the current year. 

-- 

The following pampers were read :- 

f Redcliffe N. Salaman : “On the Cause of Death of a Polar Bear recently living 
in the Society’s Gardens,” Proc. Zool. SOC. Lond. 1903, ii. p. 348. 
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On the Nudibraiichs of Southern India and c‘q-1011, with 
qvci:il reference to  the Drawings by Iielaart  ant1 the 
Collection9 belonging to Alder and Haiicock 11rc~>erved 
in the Rancock hluseuin at Nemcxbtle-o1i-T) ne. By 
Sir CHARLES ELIOT, K.C.M.G., F.Z.S., Vice-C‘hancellor 
of the University of Shefit~ltl. 

[Received May 19, 1906.1 

(Plates XLI1.-XLVII.”) 
The present pnper is mainly an attempt to settle the syiionyniy 

of vai ious Nndibranchiata of the Indo-Pacific with tlir help of 
mnteiial preserved in the Hnncock Miiseuni a t  Newcwtle-on- 
Tyne. The genus Doriopsilla is discussed, ant1 some new infoini- 
ation as to the anatomy of several species (particularly Pkc6tydoris 
formosa, PI. pccpillccta, Boriopsillcc nc ivziccta, Iicclinga ornatcc, and 
several Pleuropliyllidiid,) is also given. 

The material preserved a t  Nev, castle, and kiiiclly placed a t  my 
disposal by the authorities of the Museum, ih of t n o  Binds, 
collections and clrawings. The oriental collections of Alder 
and Hancock appear to  consist of t h e e  sepiuate consignnients 
sent from India. They are not kept separately, but can be 
distinguislied. 

( a )  The collection made by Walter Elliot near Vizagapatam in 
1853-4, and described by Alder a i d  Haiicock in the ‘Tiausactions ’ 
of the Zoological Society for 1864, pp. 113-147. This collection 
contains an  almost complete series of Alder and Hancock’s types, 
all duly labelled ; but, most unfortunately, many of them liaxe 
been allowed to dry up entirely, and nothing whatever can be said 
of either their anatomy or their external appearance. In some 
cabes it has been possible to  extract the buccal paits from these 
dried morsels, but when there were only one or two speciinem it 
q ; ~ h  found that they had been already dissected by Alder a n d  
Hancock. The collection of “ DiphyllidiadE, Pleurobinnchiila?, 
Bullidce, and Aplysiacl~e,” mentioned by Alder and Hancock in 
the first parfigraph of their paper, is also pieserred, nncl the 
Pleurophyllidiirls ( = Diphylliads) are noticed below. The liaicl- 
ness of the animals and the distinctners of the  buccal characters 
mnke it poPsible to identify them. They were not iianied by 
Alder and Hancoclr, 

Even the specimens which have not become dry are in poor 
condition, which is hardly surprising since they are mole than 
fifty years old. But many of them have preserved their external 
appearance fairly well, and the hard p u t s ,  such as the teeth, ai-ma- 
tiire of the genitalia and of the labial cuticle, &c., are uninjured. 
The ribbon of the iadula, however, is generally decayed, so that 
the arrangement of the teeth is clisturbrd. 

(a) A few specimens collected by Kelaait are sufficiently well 
preseivecl to  repny exnmination, but, as in the prel ious collection, 

* For e\plauation of the Platei, see 13. 690. 
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ninny :we useless. Kelaart’s specimens are marked as such, 
apparently in Hancock’s writing, and generic and specific iianies 
are usually but not invariably appended. 

(c) A collection designated by the label ‘‘ Madras (or India) 
1867. Sir Walter Elliot.” This collection does not appear to 
have been sorted or named by Alder a,nd Hancock. Besides 
Nudibranchs, it contains Tectibranchs, Pulmonates, Laniellariicl~e, 
and Echinoderms. 

The drawings consist of figures of about 55 species of Nutli- 
branchs made from life by Keliyrt in Ceylon. Thirty-five of 
these figures are now reproduced. The rest have been left aside, 
in inost cases because other figures of the  animals which they 
represent have been published, but in a few cases because they 
aclcl nothing to the printed description. The poorly executed 
figure of Doris cerisa, for example, adds nothing to Kelaart’s state- 
ment that it is a small Doris of a cherry-red colour. 

It limy be askecl whether it is worth while to publish these old 
drawings. Bergh seems inclined to think that it would be better 
to leave aside all inadequate descriptions of Nuclibranchs and 
pay no attention to them. This would be convenient if it were 
practically possible, and little wo~dd be lost. Rut is it practically 
possible ? Bergh’s own lists contain a selection of Kelaart’s 
names, and yet I think he has sometimes redescribed Kelnort’s 
species under other names, which he would hardly have done if 
lie 1ia.d seen the clrawings. Further, there is a great practical 
aclvaiitage in giving animals old names, because they are less liable 
to alteration. If a nudibranch hears a name given by Kelaart, it 
need not be rebaptized if it is found to be identical with species 
imperfectly described by. Pease, Angas, Abraham, a,nd others. 

Apart from this, Kelaart is by no means an authority to be 
despised, though he has not found favour with many of his critics. 
H e  totally igiiorecl anatomy, and his descriptions of external 
characters have not that wealth and precision of detail wliicli 
might be desired. But he is exact in recording localities and 
seasons, and he adds many notes on the habits of the animals, 
particularly on their spawn. . His papers a.re of little service to 
the student of preserved specimens, but, ta,ken together with his 
dmwings, they will probably enable a naturalist in Ceylon to. 
identify most of his species. They appear to have been published 
three times :- 

1st Novem- 
I have a copy of this pamphlet, which I haye 

(b)  I n  the Journal of the Ceylon Branch of the Boyd Asiatic 

(c )  Tn the Annals and Maga,zine of Natural History, 1859, in 

I, Ann, & Mag. 1859, vol. iii. pp. 291-304. 
11. ,, ,, ,, 1-01. iii. pp. 388-496. 

111. ), ,) ,, vol. iv. pp. 267-270. 

(a )  As a pamphlet (pp. 1-64), dated ‘( Trincomalie. 
her, 1857.” 
used in preparing the present paper. 

Society in 1858. 

three separate papers :- 
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The references in the present paper are made to the Annals LPG 
Magazine ’ as being more accessible than the other publications, 
and the three papers are cited as Kelaart, 1. c. I., II., and 111. 
Similar abbreviated references are :- 

A. & H. 1. c. = Alder and Hancock, ‘‘ Notice of a Collection 
of Nndibranchiate Mollusca made in India by Walter 
Elliot, Esq.,” in Trans. Zool. SOC. 1864. 

Farran, 1. c. = Report on  the Pearl-Oyster Fisheries of the 
Gulf of Manaar : Royd Society, 1905. Supplementary 
Report, xxi., “ On the Opisthobranchinte Mollusca,” by 
G .  P. Parran. 

Bergh, Siboga = Siboga- Expeditie. L. Opisthobranchia. R. 
Bergh. 1905. 

The three edition6 of Kelaai.t’s paper do not appear to contain 
any differences of importance, but the pamphlet opens with a 
preface which gives little scientific information, but emphasises 
the fact mentioned from time to time in his descriptions, that he 
studied Nuclibranchs by keeping them “ in a glass vivarium,” 
often for considerable periods. He  also quotes a long passage 
from the ‘ English Cyclopzdia ’ respecting the structure of 
Nudibranchs. 

Besides these papers, Eelaart published a description and 
figure of Travelya?m ceylonica under the title “ Description of a 
new Ceylonese Nudibranch,” in the Ann. & Mag. Nat. Hist. 1858, 
vol. i. p. 257. 

My examination of these collections and drawings (supple- 
mented in a few cases by other material) results in notes on 
64 species. Of the identifications suggested, I think the following 
inay 

1. 

2. 

3. 
4. 

5 .  
6. 
7. 
8. 
9. 

10. 
11. 
12. 
13. 

be regarcled as more or less certain :- 

Hemabramchtcs marginatus Q. 8 G .  1832 = Boris gloriosa 
Kelaart. 

Chromodoris diardii (Kelmrt) = Chr. semperi Bergh, of which 
Chr. nigrostricctffi Eliot and Chr. tenuilinearis Farran are 
varieties. 

Casellcc maccnrthyi (Eelaart) = C. cinctffi Bergh. 
Kentrodoris maczdoscc (Cuv.) = x. annuligera Bergh = Boris 

Biscocloris coiacinncc (A. & H.)= Disc. concinniformis Bergh. 
Archidoris violacea Bergh = Arch. africana Eliot. 
Thordisa villosu (A. & H.) = Th. rnaculigera Bergh. 
Trippa luteola (Kelaart) = Thordiscc ? caudata Farran. 
Trevelyccszcc ceylonica Kelnart = T. rzLbro??zaculccta Bergh. 
Bornellu digitata Ad. 8 Reeve=Bornellffi hancockana Kelaart. 
Samlc bicolor (Kelaart) =Sumla anmuligera Bergh. 
Elysia cceruleu Kelaart = Elysia lineolata Bergh. 
Elysia pzciactata K e l a r t  = Elysia nigroptcnctata (Pease). 

funpLris Eelaart. 
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The following identifications are probable, but cannot be 
regarded m certain until further specimens are examined :- 

1. Chromodoris jdelis (Kehart)= Chr.Jlccmnmuluta Bergh. 
2. Hbplodoris desmoparyphcc Bergh = Platydoris papillata 

3. Asteronotus hemprichi Ehrenberg = Doris exanthemccta 

4. Thordisa c?-osslandi Eliot 1904 = Diaulula (a) gigffintecc 

5. Boris intecta Kelaart= Trippa ornala Bergh. 
6.  Doris leoparda Kelaart= Tr. monsoni Eliot. 
7. Doridopsis tuberculosa (Q.  & G.) var.=DorB carbulzculosa 

8. Diphyllidia marmorata Eelaart=finguelZa cimrea Farran. 
9. Phyllobranchw orhntalis (Kelaart) 

Ph. prasinus Bergh. = t  Ph. rmbkundus Bergh. 

Eliot. 

Kelaart. 

Bergh 1905. 

Kelaart. 

In  both these lists the furst name has priority if the identity is 
established. 

The following references t o  genera are certain or probable :- 
1. Chromodoris gbniei  (Kelaart). 
2. Chr. ? amabilis (Kelaart). 
3. Chr. tennentana (Kelaart). 
4. Platydoris etlioti (A. Cpt H.) ; not Discodoris ellioti. 
5. Ealgerdo ? apicukcta (A. & H.). 
6. Xtaurodoris rusticata (A. & H.). 
7. Boriopsilla miniata (A. & H.). 
8. Stiliger ? viridis (Kelaart). 

A specimen marked “Doris osseosa, Ceylon, Dr. Kelaart,” 
appears to be the animal described by me as Sclerodoris osseosa 
(Kelaart) in Proc. Zool. SOC. 1903, ii. p. 380. 

No one who attempts to determine the species of tropical 
Nudibranchs can fail to be struck with the great variability 
of their external characters. Probably no group of animals offers 
more striking illustrations of how species arise out of varieties. 
Even land-slugs show how susceptible the soft molluscan skin is to 
changes of colour when it is not protected by a shell; and in the 
Nudibranchiata, the watery habitat of which favours the growth 
of processes and appendages, variations of form also are frequent. 
Again, form, as well as colour, is liable to be distorted by the 
ordinary methods of preservation, and it may happen that two 
descriptions of the same animal-one treating of the external 
characters during life, and the other chiefly concerned with the 
anatomy of a dead specimen-have nothing in common and are 
not recognised as referring to the same species. The principal 
types of structure in the group are now fairly well known ; but it 

PROC. ZOOL. Soc.-1906, NO. XLIII. 43 
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is much to be desired that some naturalist in the tropics may 
follow the example of Kelaart with his vivarium, and by observing 
the living animals throw more light on their development, 
variation, and habits. 

My best thanks are due to the Council of the Hancock Museum 
at Newcastle-on-Tyne for the loan of drawings and collections, 
and to Mr. T. J. Evans, Lecturer in the University of Shefield, 
for assistance, especially in the preparation and examination of 
sections. 

HEXABRANCHUS MARGINATUS Q. & G. 
= D. gloriosa Kelaart. 
(Kelaart, 1. c. I. p. 291.) 

Whatever limits be assigned to Ppecies and varieties within 
this genus, Kelart’s plate leaves little doubt that his D. gloriosa 
ie the form called D. marginata by Quoy & Gaimard. 

CHROMODORIS A. & H. 
(Eliot, Journal of Malacology, 1905, Oct., p. 36 ; 

and Proc. Zool. SOC. 1904, i. pp. 382-6.) 
Bergh in his ‘System’ (p. 1104) gives a list of 105 species. 

Of these, Chr. elizabethina is probably the Doris qzcadricolor of 
Ruppell and Leuckart, and, as shown below, Chr. semperi is 
probably the Doris diardii of Kelaart. Chr. nigrostriata Eliot 
and Chr. fenuiZinsaris Farran are both varieties of Chr. semperi 
(w. Eliot, 1. c.), and therefore should be classed under Chr. diardii. 
Chr. petechialis (Ciould) is probably the same as Chr. tzcmu1a;feera 
Collingwood. Chr. maccarthyi is certainly a Casella and should 
be omitted from the list, to which the following species may be 
added :- 

105. Chr. agassizii Bergh. 
106. Chr. portere Cockerell. 
107. Chr. macfurlandi Cockerell. 
108. Chr. epiczcrea Basedow & Hedley. 
109. Chr. sykesi Eliot. 
110. Chr. annzclata Eliot. 
111. Chr. spkndens Eliot. 
11 2. Chr. vicina Eliot. 
113. Chr. inconspiczca Eliot. 
1 14. Chr. ? f i w a  Eliot. 
115. Chr. tasrnaniensis Bergh. 
116. Chr.jigzcrata Bergh. 
117. Chr. mgialia Bergh. 
118. Chr. dopa Bergh. 
119. Chr. tennentana (Kelaart). 
120. Chr. gleniei (Kelaart). 
121. Chr. ? amabiZis (Kebnrt). 
125. Chr.$arnmzclata Bergh. 

? = Chv. $delis (Kebart). 
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123. Chr. marpessa Bergh. 

125. Chr. ophthffilmicffi Bergh. 

127. Chr. pccntherina Bergh. 
126. Chr. nodulosffi Bergh. 

128. Chr. pffipulosffi Bergh. 
129. Chr. sibogm Bergh. 
130. Chr. inopinffitffi Bergh. 
131. Chr. bcteu Bergh. 
132. Chr. birnffisnsis Bergh. I 
133. Ckr. virgeta Bergh. -) 

. 124. Chr. velzustffi Bergh. 

All from the siboga, i Expedition. 

Basebw and Bedley have described Chr. epicurea under 
the name of flypselodoris (Trans. Roy. SOC. South Australia, 
vol. xxix. 1905, pp. 141 Le; 153), and wish to substitute this 
generic name (Stimpson, Proc. Ac. Nat. Sci. Philadelphia, vii. 
1855, p. 388) for C‘Jwomodoris. It would be a pity to drop an 
accepted and widely used name l i e  Chromodoris in favour of one 
which has never been in use and which was only tentatively 
proposed for an imperfectly described animal. But in any case 
Stimpson’s name (1855) cannot claim priority, for Ehrenberg’s 
Glossodoris, Pterodoris, and Actinodoris (1831) are admittedly 
Chromodorids, though for the sake of convenience the names 
have not been revived (see Bergh, ‘‘ Kritische Untersuchung der 
Ehrenberg’schen Doriden,” Jahrb. d. d. malakozool. Ges. iv. 1877, 

The list of 133 Chromodorids will no doubt be found to contain 
many synonyms. Many of the tropical species are known only 
by their external coloration, and when it is possible to examine 
many specimens the coloration generally proves to be variable. 
Very often different colours become predominant in different 
individuals. Chr. diffirdii var. nigrostriafa is generally bluish 
grey with faint blotches of pale yellow, but sometimes the yellow 
is developed at the expense of the blue and the whole animal 
appears to be lemon-colour. Chr. puccdricolor sometimes looks a s  
if it were light-coloured with black bands, and sometimes as if  it 
were black with light bands. A difference of intensity oftens 
produces a difference of colour : thus, red becoming paler may 
fade into orange, deep yellow, light yellow, and yellowish white, 
or becoming darker it may be intensified into reddish brown or 
lake, purple, purplish black, and black. In pale specimens 
markings, especially borders, have a tendency to disappear ; in 
full-coloured specimens they tend to multiply, and scattered dots 
may collect and fuse so as to form blotches. Lines sometimes 
break up into a row of dots, but on the whole the distinction 
between the spotted and striped forms seems more persistent than 
others. Though these variations of tint and pattern show that 
we must not expect uniformity in a species, it is also clear that 
unless the resemblance in colour is striking and dehiled, it is by 
no means safe to conclude that similar forms are specifically 

pp. 45-76). 

43* 
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identical, for, though the variations may be within specific limits, 
it is equally possible that two dissimilar forms, both varying, may 
roughly coincide. For the determination of species the most 
important internal characters are the radula and labial armature, 
the other organs not varying much in the genus. Good external 
characters are often furnished by the greater or less development 
of the dorsal margin, which in several species bears small knobs 
underneath. In  a few species the back bears tubercles or even 
papills (Chr. papulosa B., Chr. 1 roseopicta, Verrill). The precise 
number of branchiae is not a character of importance, but the 
species seem divisible into those where the plumes are few (3-7), 
moderately numerous (8-12), and many (12-20 or more). I n  
some species the plumes have a strong tendency to develop 
accessory branches and become bipinnate. 

CHROMODORIS (2) AMABILIS (Kelaart). (Plate XLII. fig. 1.) 

This form is perhaps a Chromodoris, though the bipinnate 
branchiae create some doubt. It may even be Chr. porcata (Bergh 
in Semper’s Reisen, xvi. 2, pp. 831-3), which is white or yellowish 
with purple spots on the back, yellow rhinophores, white foot and 
branchis. It is 
recorded from Mauritius. 

(Kelaart, 1. c. I. pp. 294-5.) 

The gills are 8 and two of them subdivided. 

CHROMODORIS FIDELIS (Kelaart). (Plate XLII. fig. 2.) 
(Eelaart, 1. c. I. p. 295. 
C$ Bergh, Chr.Jlamuklta & Chr. lactea rn Siboga-Expeditie: 

This form, which is said to be common at  Trincomalee, will 
probably be recognised by its striking coloration. 

It is possibly identical with Chr. Jlamrnuklta B., which has 
black gills and rhinophores, and is said to be red with a broad 
irregular white patch down the centre of the back. This is merely 
another way of regarding a pattern which Kelaart describes as a 
white surface, ‘‘ the edge lined with red and irregular tooth-like 
transverse internal prolongations of the same colour.” I n  other 
details, such as shape, number of branchiae, and the anterior 
expansion of the foot, the two forms agree. 

It is pure 
white with black branchis and rhinophores, and differs chiefly in 
not having the red border. The radula is much the same as that 
of Chr. JEunnmulata, but there are some differences in the labial 
armature. 

Bergh, System? p. 1106. 

Opisthobranchia, pp. 151 & 159-160.) 

Chr. Zactea B.  appears to be a closely allied form. 

CHROMODORIS PRECIOSA (Kelaart). 

This form appears to belong to the group of Chrornodorids 
which are somewhat flat and have an ample mantle overhangiilg 
the €oot all round. 

(Plate XLII. fig. 3.) 
(Kelaart, 1. c. 11. p. 205. Bergh, System, p. 1106.) 
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The coloration is not uncommon, and it is quite possible that 
the species has been described again with a fresh name, but I 
cannot identify it with any other form. 

CHROMODORIS TENNENTANA (Kelaart). (Plate XLIII. flg. 1 .) 

This appears to be another Chromodoris with an ample mantle- 
margin. I n  colour it offers analogies to Chr. obsoleta (Riippell & 
Leuck.), Chr. imperialis (Pse.), and Chr. aureopurprata Colling- 
wood, but does not agree completely with any of them. 

(Eelaart, 1. c. III. p. 268.) 

CHR.OMODORIS DIARDII (Kelaart). 
(Eelaart, 1. c. 111. p. 267. 
= Chr. semperi Bergh in Semper’s Reisen, Heft xi. pp. 482- 

The resemblance in coloration seems to me sufficiently strong 
t o  justify the identification of these two forms. Chr. rzcizcimta is 
nearly allied, but neither Kelaart’s descviption nor his figure gives 
a hint of the conspicuous spherical glands beneath the mantle-~ 

I regret to substitute Kelaart’s name for that given by Bergh, 
but follow the precedent of the latter authority, who has changed 
his Chromodoris elizabethina into Chr. quadricobr (Riippell & 
Leuckart). See Bergh in Semper’s Reisen, Theil vi. Lieferung ii. 
p. 68. 

(Plate XLIII. fig. 2.) 

484.) 

edge. 

CHROMODORIS ULENIEI (Kelaart). 
(Kelaart, 1. c. I. pp. 294-5.) 

This form appears to be clearly a Chromodom’s in virtue of its 
general shape and simply pinnate branchis. It is said to be 
found “ in  the Inner Harbour (Trincomalee), as also at Cottiar 
opposite Fort Frederick,” and will probably be identified without 
difficulty on account of its striking coloration. Kelaart’s picture 
has prohably faded, for he describes the hack as hearing ‘‘ a deep 
golden-coloured patch, bordered and spotted with purplish red,” 
whereas in the plate the patch is reddish brown with a margin of 
spots of the same colour but darker. The mantle appears to he 
ample; and the animal probahly belongs to the same group as 
Chr. reticdata, Chr. sykesi, Chr. cavq &c., and may even be 
identical with the last of them, in which case the name gleiaiei 
has priority. Chr. ulderi (Collingwood, Tmns. Linn. SOC. ser. 2, 
Zool. vol. ii. 1878, p. 132) also presents resemblances. 

(Plate XLIV. fig. 1.) 

CHROMODORIS INOPINATA Bergh. 
(Bergh, Siboga-Expeditie, Oyiuthobranchia, 1905, pp. 157-9.) 

This species is allied to Chr. sykesi Eliot @roc. Zool. SOC. 1904, 
It has the same shape and a similar though not i. pp. 387-8). 
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identical gorgeous coloration. But there are differences of detail 
in the buccal parts, and the branchis of Chr. sykesi have not been 
observed to be subdivided like those of Chr. irzopinata or to be so 
long. 

CASELLA. 

This genus, though offering hardly any structural differences 
from Chromodoris, is easily recognisable by its undulated dorsal 
margin, which is generally marked by a conspicuous border. 

Casella rubra Bergh, 1905, seems to be a distinct species, but 
i t  may be doubted whether the other speciiic names cover more 
than one species which appears in several colonr varieties. 

CASELLA MACCARTHYI (Kelaart). 
Doris maccarthyi Kelaart. 
Chrornodoris maccurthyi (Kelaart). 
Cmella cincta Bergh. 

(Kelaart, 1. c. I. p. 292. 
1 Casella utromargilzccta (Cuv.). 

Bergh in Semper’s Reisen, xi. 

Two drawings are preserved and also a specimen from Ceylon. 
The drawings represent a pinkish-grey Casella with the character- 
istic strongly undulated margin. There are no spots or mottlings 
of any kind, but the mantle is bordered with bright blue, the 
upper part of the rhinophores is blue, and there are indications of 
blue on the stems of the branchis. The preserved specimen 
corresponds with the drawing. The colour is of a uniform greyish 
yellow without a trace of spots. The mantle-edge is marked hy 
a purplish-brown border, with traces of an accompanying white 
border particularly on the under side. The length is about 
28 mm. and the maximum breadth nearly 20 mm. The mantle- 
magin is strongly undulated, but narrow, particularly behind. 
The rhinophore-sheaths are distinctly raised, but the margins of 
the branchial pocket are not elevated. The branchiz are retracted. 
The buccal mass has been removed. 

There Cztn be but little doubt that this is the Casella cincta of 
Bergh. It has all the characters, except that the back is not 
spotted and the foot is not bordered with blue. The branchis 
are given as fewer (15 as against 22), but the difference is not 
important, and it is very likely that the smaller branchis were not 
visible outside the pocket. The preserved specimen was not 
opened in order to preserve the appearance. 

I think that Cusella cincta and Casella atromarginata are merely 
varieties of one species which shade into one another through 
various shades of blue, purple? and black. If this is so, the species 
must be called C. atromargzlzuta (Cuv.) and the blue-bordered 
form var. muccarthyi. I f  thought advisable, the term var. cincta; 
can be used for forms, with a blue border and a spotted back. 

pp. 462-3 ; xvi. 2, pp. 831-37 ; xvii. pp. 941-4.) 
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HALQERDA Bergh . 
(See Eliot on Dictyodoris tessellata, in Proc. Malac. SOC. 

vol. vi. pt. 4, 1905, p. 229.) 
The Doris apiculata of Alder & Hancock probably belongs to 

this genus, which in my opinion is not separable from Dictyodoris. 
Several new species have been described lately, of which Halgerda 
qrupphica Basedow & Hedley is closely allied to H. willeyi Eliot 
if not a synonym. The genus may be hbulated as follows :- 

1. E. formosa Bergh. 
2. IT. ? apicubta (A. & H.). 
3. E. (Dictyodoris) tesselata (Bergh). 
4. E. wasinensis Eliot. 
5. B. (Dictyodoris) macubto Eliot ; probably 

6. IT. punctata Farran. 
7. B. willeyi Eliot. 
8. E. graphica Basedow & Hedley. 
9. H. elegans Bergh. 

10. H. rubra Bergh. 
11. Ef. inornatu Bergh. 

HALGERDA APICULATA (A. & H.). 

The type specimen is preserved at  Newcastle, but the buccal 
parts have been extracted and the remains are so dry and hardened 
that nothing can be added to Alder and Hancock’s description. 
That description, however, which includes the radula, makes i t  
eminently probable that the animal is referable to Halgerda, and 
the filaments which surmount the tubercles should render it easy 
of recognition. 

PLATYDORIB. 
To the list of 27 species belonging to this genus given by me in 

the ‘Journal of Conchology,’ vol. ii. Oct. 1905, pp. 252-3, may bo 
added two more from the ‘ Siboga’ Collection :- 

28. Pl.jammu1ata Bergh. 
29. PI. swnguinea Bergh. 

Several of the species described are probably colour varieties. It 
is remarkable that the ‘ Siboga’ obtained a form undistinguishable 
from the Mediterranean P1. argo in the Malay Archipelago. 

The chief characters of the genus are the hard and leathery 
consistency, the flat shape, and the arniature of the reproductive 
organs. The efferent ducts are very thick and strong. The 
lining is raised into lumps and folds, generally yellow in colour, 
and in the male branch these lumps are in most species further 
developed into hard scales bearing hoolis. These hooks, however, 
have not been found in PI. striata and Pl.jammzclata. 

Through the kindness of Prof. Herdman I have been allowcd 

the young of H. wasinensis. 
{ 

I 

(A. & H. 1. c. p. 122.) 
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to examine the specimen from Ceylon described by Farran as 
Platydoris 1 spilzulosa, but doubt if it is referable to this genus. 

PLATYDORIS FORMOSA (A. & H.). (Plate XLVII.  fig. 3.) 
(Doris formosa A. & H. 1. c. p. 116. 
Eliot, Proc. Zool. SOC. 1903, ii. p. 376.) 

Two specimens * are preserved, one about 60, the other about 
40 mm. long. They agree with Alder and Hancock’s description 
and plate. 

The back is smooth, and the minute granulations are visible 
only with difficulty even under a lens. But scattered over the 
larger specimen quite irregularly are a number of hard white 
tubercles which look like parasitic growths or accretions. They 
are not detachable, and there are none on the smaller specimens. 
The lobes of the branchial and rhinophorial pockets are very 
distinct. The 
oral tentacles are rather large, and so distinctly grooved on the 
outer side as to be almost ear-shaped. 

The tissues of the radula have decayed, but the teeth are well 
preserved. They are hamate, with moderately stout bases and 
rather slender elegant shafts which often have a distinct ridge or  
wing a t  the side. They differ considerably in size and somewhat 
in shape, some being more strongly hooked than others, but it is 
not now possible to assign them to their respective places in the 
radula. Alder and Hancock say they decrease in size towards 
the centre. It is noticeable that no denticulate or  degraded teeth 
are to be found, so that the hamate form is probably retained to 
the extreme end of the rows and does not degenerate, aa so often 
happens in Platydoris. 

The genitalia are much hardened, but it is still plain that the 
large efferent ducts of both branches are extremely strong and 
muscular. One tube (probably the vas deferens) is thickly set 
with large round granulated scales, bearing short strong spines 
(Pl. XLVII. fig. 3). The other tube (probably the female branch) 
is limd with very conspicuous folds and lumps. 

This handsome species appears to be characterised by its 
coloration, its distinctly grooved tentacles, and the armature of 
the genitalia, particularly the granulated appearance of the discs. 

The East African form referred by me (1. c.) to this species with 
’a query does not agree with the type specimen, and is more likely 
to be PI. sasaguinea B e g h  (Siboga, p. 139). 

The foot is grooved and deeply notched in front. 

PLATPDORIS SCABRA (Cuv.). 
=Doris calestis Kelaart. 
(Quoy & Gaimard, Voyage de l’Astrolabe, Zoologie, tome ii. 

Eliot, Proc. Zool. SOC. 1903, ii. p. 375. Kelaart, 

The Doris ccdestis of Kelaart seems to be clearly the older 
* These and all the specimens described by A .  & H. in Trans. Zool. Soe. 1864 are 

p. 258. 
1. c. I. p. 293.) 

carefully labelled by Hancock, bo that there is uo doubt of their identity. 
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D ris scabva, referable to the genus Platydoris. The drawing, 
w f lich is not reproduced, leaves but little doubt of this. 

PLATYDORIS STRIATA (Kelaart). 
Kelaart, 1. c. I. p. 302. 
(A. & H. 1. c. p. 117.) 

A single specimen is preserved in bad condition, having appa- 
rently been allowed to dry before being put in fresh spirits. 

As preserved, it snggests that the colour was lighter than in 
Alder and Hancock's plates, and the fine brown lines, though 
distinct, much fewer. 

The buccal mass had apparently been extracted, but a few 
scattered teeth were found among the internal organs. They are 
liamate and rather slender. 

Little could be made out of the genitalia, which were small and 
hardened. A tube lined with the characteristic yellow folds and 
lumps was found, but no scales or hooks. It is very probable 
that they are really present, but Bergh (' Siboga,' p. 138) reports 
that in PI. Jkcmmukata the male organs are provided with a 
'' Langsfalten bildenden Cuticula mit spitzen und gerundeten 
Hiickern versehen aber ohne die gewohnlichen Dorntragenden 
Scheiben." It is therefore possible that they may be absent in 
this species too. 

PLATYDORIS ELLIOTI (A. & H.). 
(A. & H. 1. c. p. 116. Discodoris ellioti Bergh, Siboga, p. 102.) 

Three of Alder and Hancock's type specimens are preserved. 
One is quite hard, and was probably dried before it was put into 
spirits. 

The texture is 
not that usual in Platydoris, but the present flaccid condition may 
be due to decomposition. The buccal parts had been removed from 
one specimen but remained in the other. No labial armature was 
found, but a number of yellowish hamate rather slender teeth, set 
in no apparent order, the ribbon of the radula being decomposed. 

The armature of the genitalia is very distinct. The efferent duct 
is thickly covered with discs bearing spines of the form typical of 
the genus. The spines are mostly stout and straight ; some are a 
little inclined, but not bent. There is no doubt of the existence 
of this characteristic armature, but owing to bad preservation it 
is hard to say if it is on the vas deferens or the vagina, but 
probably the former. 

Bergh originally placed this species under Platydoris (Syst. d. 
Nud. Gast. p. 1102), but subsequently ( I .  c.)  identified it with a 
Discodoris obtained by the ' Siboga' from Malrassar. It would 
appear, however, that the earlier classification was correct, for 
the genitalia are armed a5 in Platyloris and there is no labial 
armature. The absence of the latter is confbmed by Alder and 
Hancock's description, for under D. ellioti they say " Tongue as in 

Nothing could be made of it. 
The other two are soft and somewhat decayed. 
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D.  tuberct6lccta,” and under D. pardcclis, the species described next, 
L L  Tongue as in the last species, with the addition of a prehensile 
co11;w.” 

The animal obtained by the ‘ Siboga’ should perhaps be known 
1x8 Disc. berghi. 

PLATYDORIS PAPILLATA Eliot. 
‘1 =Hoplorloris desmopryphcc B. var. 
(Eliot, Proc. Zool. SOC. 1903, ii. pp. 379-380. Bergh, in 

I n  making an examination of further specimens of this animal, 
I have found a spine in the accessory gland attached to the female 
genitalia. The structure of the gland seems to be as described by 
Bergh for Hoplodoris, but the spine is straighter. I cannot help 
thinking that the species is Hoplodoris desmoparypho, or  a t  least 
very closely allied to it ; but I have not been able to find a labial 
armature as described by Bergh. I n  one specimen there seemed 
to be something like a plate or girdle on the labial cuticle, but it 
was formed of fibres or filaments and not of the rods found in 
Discodoris and other genera. As a labial armature is generally 
unmistakable and easily fonncl, I do not think its presence can 
have been overlooked. On tihe other hand, it is often developed 
in very different degrees in different individuals of the Same 
species, and may perhaps disappear. I n  his first description 
(a. R. 1. c. p. 53, note) Bergh seems to imply that it was vestigial 
or imperfectly preserved. 

The 
teeth are as previously described by me (1. c.), but the outermost 
are sometimes slightly and irregularly serrulate *. The formula 
of the radula is about 40~80.0.80. There is a large sausage- 
shaped prostate. 

The external characteristics correspond in most respects with 
the descriptions of Hop. desmopurypha, but the dorsal papills are 
f a r  more developed and sometimes become branched processes 
5 mm. long ; but there is much variety in this respect, as also in 
colour. The spots and borders on the under side are particularly 
variable. The gill-pocket is sometimes distinctly stellate, and 
sometimes merely irregularly jagged or  undulated. The tentacles 
are in all specimens large but flat. The anterior margin of the 
foot is deeply grooved and notched, and the upper lamina over- 
hangs the lower. 

The animal has been observed to bury itself in sand, and the 
dorsal papillse resemble bits of sand when it is alive. 

It may be doubted whether Hoplodoris is best regarded as a 
separate genus or a section of Platydoris. Most of the characters 
agree with that genus, and I do not think that the presence 
of either an accessory gland and spine or of a labial armature 

* R o c .  Zool. Soc. 1903, ii. p. 379, fourth line from thc hottoin : “iiiner~nost ” is 
a misprint for “outermost.” 

Semper’s Reisen, Supp1.-Heft i. p. 51 ; Siboga, p. 113.) 

In  my specimens the buccal cavity is black or brown. 
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(even if proved to be the rule) can exclude it from the genus. 
PI. variegata Bergh has a labial armature. On the other hand, 
the dorsal papillae are a marked point of difference. In  any case, 
the form seems to be intermediate between Platydoris and 
Asterornotus, and to have little affinity to Discodoris. 

DORIS EXANTHEMATA Kelaart. 
(Kelaart, 1. c. I. p. 300.) 
?= Asteronotm hemprichi Ehrenberg. 

Hancock has written on Kelaart’s drawing “D. mauritiaiia 
Q. Cyt G.!” This latter species is identified with Asteronotus 
cmspitoszcs, and Kelaart’s drawing, more than his description, 
supports the idea that the animal is the common Aeteronotus 
of the Indo-Pacific. Whether there is really more than one 
species is doubtful. If there is only one, the name A .  hempichi 
Ehrenberg has priority. Kelaart’s statement that B. exanthemuta 
is “semi-gelatinous and . . . when dead rapidly dissolves and 
cannot be preserved in spirits ” is against this identihation. 
Asterornotus may perhaps be compared to a stiff solid jelly, but it 
can be preserved without difficulty. 

The statement that the spawn is of a beautiful red colour 
is interesting. I have found this red spawn and Asteronotus 
in the same locality at  Zanzibar, but cannot prove by observation 
the connection between the two. 

Kelaart had a strange dislike of this animal, which he thinks 
‘( gives one more the idea of a horrid disease than the charms of a 
sea-nymph.” But Asteronotus, though not particularly beautiful 
either in shape or colour, is not a revolting object. Very fair 
representations of it are given by Bergh (Siboga, pl. i. fig. 5 ,  
and Notes from the Leyden Museum, 1887, pl. vi. fig. 9) and 
Eliot (Proc. Zool. SOC. 1903, ii. pl. xxxiv. fig. 5). 

KESTRODORIS Bergh. 
The Kentrodoricls are perliaps nearly related to Jorzinm. They 

are also, especially K. maczelosa (annuligera), allied to Thordisa and 
Diaulula, from which they differ chiefly in having the verge armed 
with a spine. Only three species have been described, all from 
the Indian Ocean :- 

1. K. rubescerns B. 
2. K. gigas B. 
3. K. moculosa (Cuv.) 

=K. uimuligera B. 

KENTRODORIS MACULOSA (CuV.). 
(Cuvier, Ann. du Mus. iv. 1804, p. 466-7. Quoy & Gaimard, 

=Doris fwnebris Kellaart, Ann. Nat. Hist. 3rd series, vol. iii. 

= Kentrodoris annuligera Bergh.) 

Astrolabe, 1832, Zoologie, tome ii. p. 249. 

1859, p. 293 ; and A. & H. 1. c .  p. 122. 
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One specimen is preserved in Walter Elliot’s collection, and two 
others were found at  Newcastle marked as having been sent from 
Ceylon by Kelaart. 

The largest specimen is 38.6 mm. long, 18 broad, and 15 high. 
The external characters of all are much the same. The colour is 
tliill yellow-ochre, with black ring-like spots of irregular outline, 
the largest about 6 mm. broad. These spots are not as a rule 
simple ocelli, but areas surrounded by a ring and containing 
a considerable number (as many as 50) of smaller spots. The 
black pigment is almost entirely on the papilla, and not on 
the dorsal skin. Besides these rings there are black spots without 
a light centre on the margins of the mantle and foot. The number 
of spots on the under surface is very variable. 

The whole back is covered with thick-set minute papilla, which 
can be scraped off. They are soft, but contain straight colourless 
spicules *. The rhinophore-pockets are large but not raised. The 
perfoliations of the rhinophores are black, but the base and tip of 
the column are white. The branchial pocket is a conspicuous 
transverse slit, 10 mm. long and 2.5 broad. Though it has not 
raised edges, the region all round it is distinctly elevated. The 
branchis are six, large, .quadripinnate, yellow with a black 
rhachis. The anal papilla is subcentral, large, yellow with a black 
crenulated margin. The oral tentacles are long, digitate, yellow 
with black tips. The anterior margin of the foot is very deeply 
grooved. The upper lamina is divided in the middle and forms 
an  ample flap on either side. 

The buccal pa& had been removed from two specimens, but the 
teeth were found in the third, though the ribhons of the radula 
had entirely decayed and it was not possible to state their 
arrangement with certainty. The formula may have been about 
25 x 20.0.20. Some of the teeth are 
like Bergh‘s figures of the h s t  lateral of K. annuligera, but their 
position is no longer plain. The other teeth also agree with Bergh’s 
figures. 

I n  two specimens the penis terminates in a transparent colourless 
stylet about two-thirds of a millimetre long. The end is blunt 
and not pointed-a shape which is also indicated in Bergh’s 
figures (Semper’s Reisen, Heft x. pl. xii. fig. 16). 

These specimens are undoubtedly identical with Kentrodoris 
cmnuligera, described by Bergh in Semper’s Reisen (1. c. and xvii. 
1890, p. 921). I n  his description of the Molluscn collected by 
Kiikenthal at  Ternate (Abhand. der Seckenberg. Gesellsch. 
Band xxiv. Heft i. p. 99) he expresses the opinion that his 
Kentrodoris annuligera is the Doris funebris of Kelaart and 
also the D. maculosa of Cuvier and of Quoy & Gaimard. As the 
examination of Kelnart’s specimens shows, the first of these . 
identifications is correct. The others are perhaps less certain. 
Cuvier (1. c.) described his D. maculosa as “presque aussi plat 

The specimen was small. 

* They correfipond with Bergli’a descrilitioii in Sernper’s lieiscn, xvii. p. 922. 



1906.I OF SOUTHERN INDIA AND CEYLON. 651 

que le scabra et encore plus rude,” which suggests a flat rough 
Platydom’s. But the identification may be allowed to stand, 
for it cannot be disproved, and it would be a pity to change the 
nomenclature established by Bergh. 

Neither do I feel sure that Quoy and Gaimard’s animal from 
Vanikoro is really identical with either Cuvier’s species or 
K. unnuliqem. They say it is c L  8, dos trBs bomb6, de consistance 
assez molle,” which does not agree with Cuvier’s account given 
above. The figure of the under side (1. c. pl. xvi. fig. 4) does not 
indicate that the anterior margin of the foot is developed into 
lappets; the tentacles are expressly said to be yellow at the tips 
and the mantle has a white border. These are no doubt small 
points, but they may indicate real differences. 

At least one other Dorid, Platydoris townsendi (Eliot, ‘( Nudibr. 
from the Indo-Pacific,” Journal of Conch., Oct. 1905, p. 253), has 
the same coloration and superficial appearance as the species 
here described ; and there may be others, for instance Diaulula 
sffindiegensis, which is velvety, yellowish, with dark brown or 
black rings. 

From the various descriptions and plates, it would appear that 
the colour of the living K. maculosa varies from pale yellow-green 
or grey to white. Kelaart represents hardly any spots on the 
under side. Alder and Hancock’s figure (1. c. pl. xxx. figs. 9,lO) is 
much more elongated than those of other authors. It no doubt 
represents the animal as fully extended and moving. 

DISCODORIS. 
Three forms described by Alder and Hancock seem referable to 

this genus, and the types of all three are preserved at  Newcastle, 
but in indifferent condition. The specimen of D. pardalis corre- 
sponds with Alder and Hancock’s description of the external 
characters, but the buccal parts have been removed. The texture 
is soft. 

DIECODORIS CONCINNA (A. & H.). 
(Cf. Disc. concinniformis Bergh, Mal. Unt. in Semper’s 

Reisen, xvi. 1, pp. 807-811, and xvii. pp. 900-902. Id., 
Siboga, pp. 100-102.) 

Four specimens labelled in Hancock‘s writing ‘(Nos. 14, 23, 
82, 115. Doris concinna. Madras. Mr. W. Elliot.” There is 
also a note to the effect that the specimens were found partly 
dried up in 1902. They are now in spirit; but their hasd and 
stiff texture is probably the result of their desiccation. 

So far as one can judge from such old material, Alder and 
Hancock’s description and plate are quite accurate. The colour of 
the under side and the foot appears to be variable, being in some 
specimens pale and spotted, in others darker and livid (cf. the 
varieties of D. concinniformis Bergh). The shape and elevation 
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of the branchial opening are also variable. I n  one specimen it is 
nearly closed ; in another it is almost stellate, But in its natural 
condition it seems to be broad and circular. The foot is broad, 
grooved, and notched in front. The oral tentacles are long, 
digitate, and pointed. The most distinct external character is 
that the back is studded with small tubercles of varying size and 
of a lighter tint than the ground-colour. The peculiar effect 
which this produces in the appearance of the animal is well 
rendered in Alder and Hancock‘s plate. The tubercles are of 
somewhat irregular outline, and often have a long pointed tip. 
Though they are numerous, they are seperated from one another 
by distinct intervals. 

Though the tissues of the buccal organs are decayed, the hard 
parts are still recognisable. The labial armature is formed of 
longish, bent, transversely striated rods. The teeth are yellowish, 
hamate, moderately stout, and of a somewhat wavy outline. They 
are very like Bergh’e plates in the ‘Siboga’ Expedition (1. c. 
pl. xiv. fig. 4). The genitalia are decayed, but no armature was 
found. 

Bergh, in describing various specimens of his Discodoris con- 
cinniforrnis, has indicated its probable identity with this species. 
There is no divergence in the buccal parts ; but it is curious that 
Bergh, while describing D. concinniformis as bearing light- 
coloured spots, does not state definitely that the tubercles are 
lighter than the dorsal surface, which i s  the cause of the peculiar 
coloration of D. concinma. 

DISCODORIB FUOILIS (A. & H.). 

The remains of two specimens are preserved, but in so frag- 
mentary a condition (the result probably of self-mutilation, not of 
dissection) that nothing can be profitably described except the 
dorsal surface. 

The ribbon-like strips, of which the remains mostly consist, are 
soft and slimy, but rather stiffer on the upper surface. This is 
covered with round, blunt, white tubercles, contrasting with the 
ground-colour, which is brown of different shades. The general 
appearance, however, is not like Disc. concinna. Towards the 
mantle-edge the tubercles become harder, and the edge itself seems 
to be marked in places by a continuous calcareous deposit. The 
integuments are not visibly spiculous, though they contain 
numerous spicula. These ase as described by Alder and Hancock : 
small rods of rather irregular outline, often bent in the middle 
and with blunt or broad extremities. 

(A. & H. 1. C. pp. 118-119.) 

No buccal parts were found. 

STAURODORIS RUSTICATA ? (A. & H.). 

Four smallish specimens labelled “ Madras from Sir W. Elliot ” 
are probably Doris rusticuta A. & H., though there is no name 

(A. 6: H. 1. c. p. 120.) 



1906.1 OF SOUTHERN INDIA AND CEYLON. 653 

on the label. They are all covered in places with some hard 
reddish substance like sealing-wax, which seems to be adventitious 
and to have no natural connection with them. They are yellowish 
in colour and plump and convex in shape. The largest is 17 mm. 
long and 7 broad. 

The dorsal surface is rather sparsely studded with large, almost 
clavate warts, between which are smaller ones. Near the margin 
all the warts are smaller and more crowded. The integuments 
are full of very long, thin, straight, colourless tubercles armngerl 
in stellate patterns. The rhinophorial pockets are closed by two 
tubercles, the bmnchial pockets by 8-10, apparently set in more 
than one row. The branchiz are entirely retracted, small, and 
badly preserved. Perhaps there are 5, in any case not many 
more. The head seems to be prolonged on each side into a short, 
blunt, tentacular process. The foot is broad without markings ; 
the lateral margins are thin and expanded ; the anterior margin 
grooved, but the upper lamina apparently entire. 

The internal organs are too much hardened for examination, 
but a large free stomach was found. No labial armature was 
found, The radula is broken up, but perhaps the formula is 
about 40 x 50.0.50. The teeth are hamate, rather strongly bent, 
and with long bases. They seem shorter and thicker near the 
rhachis. 

This form seems clearly referable to the section 8tuurodoris, of 
which it has all the characteristics, except that the branchie are 
not simply pinnate as in the typical species. St. pzcstctlntu 
Abraham (see especially Basedow & Kedley, Trans. Royal SOC. 
South Austr. vol. x x k  1905, p: 151) from Australia seems allied, 
but is probably specifically distinct. 

As P have indicated elsewhere, I think that both Stuurodoris 
and Archidoris should be regarded its subgenera of the old 
Linniean genus Boris. 

No denticulate teeth were seen. 

ARCHIDORIS VIOLACEA Bergh. 
(Bergh in Semper’s Reisen, Bd. ix. Th. vi. Lief. i., January 

Cf. Eliot, on Archidoris ufricunu, Proc. Zool. SOC. 

Through the kindness of Mr, Suter, I have been able to examine 
some specimens of this form from Auckland, and think they are 
identical with my A. ufricunu, the description of which was 
published a few months later. The difference of habitat is con- 
siderable, but the nudibrarichiate fauna of New Zaaland includes 
tropical elements like Chromodoris and Boridopsis. 

The chief differences between the African and New Zealand 
specimens are that the former have large tentacles and a number 
of small tubercles (probably glandular) scattered over the under 
side of the mantle-margin. Similar tubercles are found in other 
East-Sfrican forms, and are perhaps not a specific character. 

1904. 
1903, ii. p. 361 : published April 1, 1904.) 



654 SIR C. ELIOT ON NUDIBRANCHS [June 19, 

THORADISA Bergh. 

The following species have been referred to this genus :- 
1. 5%. ciillosa (A. & H.). 
2. Th. maculigera Bergh. 
3. Th. stellata Eliot. 
4. Th. tristis Bergh. 
5. Th. hilaris Bergh. 
6.  Th. ? maculosc-c Bergh. 
7. Th. ? carinata Bergh. 
8. Th. clandestirta Bergh. 
9. Z‘h. ladislavii (yon Jher.). 

10. Th. ? millegrarm (A. & H.). 
11. Th. crosslandi Eliot. 
12. Th.? dubia Bergh. 
13. Th. ? pallida Bergh. 
14. Th. ? catdata Farran. 

The queries are due to the authors who have created the species 
or referred them to this genus. 

Bergh‘s original diagnosis of the genus (Semper’s Reisen, Heft 
xii. 1877) is :-“ Forma corporis fere ut in Discodoridibus, dorso 
fere villoso. Armatura labialis nulla. Lingua ut in Disco- 
doridibus, dentes extimi denticulati. Penis inermis.” I n  his 
most recent work (The Opisthobranchs of the ‘ Siboga’ Expedi- 
tion, 1905) he returns to this .. definition and says :-“ Die 
Gattung . . . . zeichnet sich im Ausseren besonders durch die 
villose Beschaffenheit des Riickens am. Die iiuusseren pleuralen 
Zahnplatten sind sehr schmirchtig und kammformig entwickelt.” 
Meantime, however, several forms have been referred to the 
genus which have neither a villous back nor pectiniform external 
teeth. 

The points emphasised by Bergh in the passages quoted above 
seem to characterise the genus with fair distinctness. The 
animals are externally not unlike Discodoris, but the dorsal 
surface, instead of being granulate or tuberculate, bears soft 
elongated processes of moderate length. A labial armature is 
absent, at least in the typical forms. The rhachis of the radula 
is bare and the side teeth are simply hamate, but towards the end 
of the row they become thin and have a tendency to split up into 
hair-like denticles. If, however, these denticles are not developed, 
I do not think that their absence is sufficient to exclude a form 
from the genus. It is admitted that in Platydoris, Halgerda, 
and Staurodoris such denticles may be present or absent, and they 
should not be used too rigidly as a generic character. On the 
other hand, it may be justly mid that in such genera as Thordisa, 
Platydoris, and Zalgerda the outermost teeth show a strong 
tendency to split and develop denticles ; whereas in Archidoris, 
Iliscodoris, and other genera they have a tendency to diminish in 
size but to remain entire. 
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Bergh says (Siboga, 1. c.) that only Th. maculigera, Th. carinata, 
Th. tristis, and Th. hilaris can be included in the genus with 
certainty, though it is noticeable that he originally (Semper’s 
Reisen, xvii. 1890, p. 913) marked Th. carinata with a query. 
Th. dubia and Th. pallida seem to conform fairly well to the 
generic diagnosis, though in the descriptions of the dorsal surface 
it is very difficult to know exactly what is meant by Zotten, 
Knotchen, and similar terms. 

Th. ? clandestina B. is smooth and the external teeth are not 
denticdate. I’h. ladislavii was described by von Ihering (‘‘ Nudib. 
der brazil. Kiiste,” in Mal. Jahrb. xiii. 1866, p. 234) as Etidoris, 
but Bergh in his ‘System’ regarded this genus as a synonym of 
Thordisa. The validity of the genus Etidoris may be doubted, 
but, as von Ihering remarks, the animal described by him comes 
near to Archidoris. It is tuberculate ; the tentacles are thick and 
grooved, and the rhachis of the n d d a  bears thickenings. It differs 
from Archidoris only in having the outermost teeth denticdate. 
Doris millegrana was described briefly by Alder and Hancock 
(Monogr. pt. vii., Appendix, p. i). Ton Ihering (1. c. p. 238) 
created for it the genus Aporodoris, regarded by Bergh in his 
‘ System’ (p. 1098) as a synonym of Thordisa, but in the Opistho- 
branchia of the ‘ Siboga’ Expedition (p. 94) recognised again as a 
separate genus and provided with a second species, Aporodoris 1 
mebra. The genus remains very doubtful, but, so far as the 
descriptions permit one to judge, seems allied to Archidoris. 
Alder and Hancock do not hint at  any affinity between their Doris 
millegran a and their Doris (Thordisa) villoso. Thordisa caudatffi 
Farran has not a villous back, and is perhaps referable to Trippa. 
See below under Trippa luteola. Th .  crosslandi is discussed below. 

The remarkable Doris lanuginosa * of Kelaart, which is “ green 
and covered with short downy hair,” is perhaps a Thordisa or 
Diaululw. 

TIIORDISA VILLOSA (A. & H.). 
(A. & H. 1. c. p. 119. Eliot, Proc. Zool. SOC. 1903, ii. p. 367-8. 
Cf. Thordisa maculigsra Bergh, in Semper’s Reisen, Reft xii. 

p. 540. Id., Danish Exped. to Siam: Opisthobranchia, 
p. 182.) 

Two specimens, labelled Doris cillosa, are preserved in fair 
condition. They differ somewhat in appearance. One is larger 
and more leathery than the other, and its dorsal tubercles are 
hard and warty. The smaller specimen is softer and the back 
villous rather than warty, the dorsal tubercles bearing soft 
filaments. It still resembles Alder and Rancock’s plate (1. c. 
pl. xxxiii. fig. l), and I also have but little hesitation in referring 
it to the same species as the specimens from Zanzibar described 
by me (1. c.) as Thordisa villosa. 

Further, it seems to me almost certain that the species, as 
* No drawing of this species waa found. 

PROC. ZOOL. Soc.-l906, No. XLIV. 44 
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surmised by Bergh, is identical with Th. macuuligera. Unfor- 
tunately the buccal parts have been taken out of both the 
Newcastle specimens, and we must be content with Alder and 
Hancock‘s statement :-<‘ Tongue as in D. tubercuhtu : 110 collar.” 
This, of course, ought to mean that all the teeth are simply 
hamate and smooth, whereas in Bergli’s Th. maculigera and 
in my specimen from Zanzibar the outermost teeth bear hair- 
like denticles. It is p~obable that there is some variation in 
this respect, for the shape of the teeth is not exactly similar in 
my specimen and in Bergh’s. Also, after examining Alder and 
Hancock’s two specimens, I am inclined to think that the animal 
described by me (1. c. p. 368) as Th. stellata is merely a variety of 
this species. It differs from the typical form in its harder 
consistency, stellate branchial pocket, and in that the outermost 
teeth of the radula are entire. 

The outermost teeth are found to vary within the limits of the 
same species in Platydoria argo and Halgerda formosa, being 
sometimes smooth and sometimes denticulate. 

TEIORDISA CROSSLANDI Eliot. 
(Eliot, Proc. Zool. SOC. 1903, ii. p. 368. CJ Bergh on 

Diaulula ? gigantea in Siboga-Expeditie, Opisthobranchia, 
1905, p. 119.) 

After re-examining my specimens, I think this species is 
identical with the D i a u k b  gigalztea of Bergh. The two de- 
scriptions are in general agreement and there are some remark- 
able coincidences in details. I n  both the nervous system is much 
concentrated; there is a large prostate, and the penis has a 
curiously twisted shape, somewhat as in Phialodoris. The 
dimensions and coloration also agree. There are two points of 
difference, which perhaps admit of explanation. Firstly, in 
Th. crosslandi there is a minute, but quite distinct, labial 
armature. I have found it in all the specimens which I have 
examined, but it may easily escape notice and may possibly 
really disappear in some individuals. Bergh found 70 rows of 
teeth in the radula, and “ i n  den Reihen schienen 150-200 
Platten vorzukommen.” If this means 150-200 teeth on each 
side of the rhachis, the radule in my specimens were smaller and 
do not exceed 5 0 ~  110.0.110 a8 a maximum. Secondly, Bergh 
describes the dorsal surface as “ uberah fein und dicht granulirt, 
die Noppchen gerundet, hier und da auch Kegelformig.” An 
inspection of my specimens, confirmed by notes in the living 
animal (u. Eliot, 1. c.), shows that the back is covered with 
elongate pointed papillse, sometimes bearing filaments at  their 
tips. But when preserved in alcohol they often become round 
owing to contraction and accidental pressure, and sometimes 
disappear entirely, although in life they are 2-3 mm. long. 

The distinction between the genera Diauulula and Thordisa is 
perhaps not very clear. Bergh’s diagnosis of the former is 
“ Notaeum holosericeum [explained as ‘‘ sammetartig ”J. Dentes 
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pleurales hamati. Prostata magna.” There is perhaps not much 
essential difference between a velvety surface and one which is 
covered with elongate soft papillz (Thordisa), but, SO far as the 
two can be distinguished, the form under consideration belongs 
decidedly to  Thordisu. I n  Thordisa the outermost teeth are 
typically pectinate or denticulate, which is not the case in 
Diaulzcb. But, as explained above, I do not think that this is 
a safe generic characteristic. Biaukla has a large prostate, but 
the organ is also reported as present in Th. mfficuligera (Bergh, 
Danish Expedition to Siam, Opisthob. p, 184), Th. dzcbia, and 
Th. pallida. 

It is not impossible that this form should be referred to Phialo- 
doris, which has a penis of similar shape and a prostate. The 
rndyla presents no essential differences. But in Phialodoris the 
nervous system is not concentrated. The dorsal surface is 
crammed with spicules, which seem to be set in a stellate pattern, 
and is described as granulate. Its appearance in life, however, 
may have been different. 

On the whole, it appears to me safest to leave the present form 
provisionally in Thordisa until a further examination of Phialo- 
doris podotria (described from one alcoholic specimen) has been 
made. 

Eelaart’s Doris marmorata is not improbably Phialodoris 
podotria. It is “hard and granular,” and the six branchial 
plumes are united at  the base. Cf. Brock’s figure reproduced by 
Bergh, in Semper’s Reisen, Heft xvii. pl. lxxxv. figs. 5 (eT 6. 

The specific name crosslandi has priority over gigantea. 

TRTPPA. 
This genus, in which Bergh has incorporated Phlegmodoris, 

is cliaracterised externally by a rather soft consistency and com- 
pound tubercles of irregular shape. Between the tubercles there 
are often deep pits rendered conspicuous by their black colour. 
There is no labial armature, and the radula, which is generally 
rather short, consists of hnmate teeth which sometimes bear a few 
denticles. Ptyaline glands as well as salivary glands are present. 
There is no armature in the genitalia and a prostate seems not to 
be recorded. 

The following forms are perhaps referable to the genus :- 
1. T. orrtata Bergh. 

2. T. areoluta (A. & H.). 
3. T. spongioso (Kelaart). 

4. T. monsoni Eliot. 

5. T. hispida Bergh. 
6. T. a24inis Bergh. 
7. T. luteoh (Kelaart). 

(2 =Doris intecta Kelmrt.) 

(= T. mephitica Bergh,) 

(2 =D. leopwda Kelmrt.) 

(= Thordisa caudffitcc Farran.) 
44* 
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T. anceps Bergh (Bull. of Museum of Comparative Zoology, 
Harvard, 1890, p. 169) is a doubtful Form omitted by Bergh in 
subsequent lists of the genus, and perhaps akin to Atagenzu. 
T. hispida is also regarded by Bergh as doubtful, but, so fa r  as 
one can judge from the plates (Opisth. der Sammlung Plate, 
p. 527, pls. xxx. & xxxi.), seems to possess most of the characters 
of the genus. 

It is sometimes difficult to distinguish the external characters 
of Thordisa and Fyippcc verbally, for some species of Thordisa 
have soft tubercles which bear secondary papillre or filaments. 
But whereas the typical Thordisa is rather flat and covered with 
aoft, elongate papill=, the typical Trippa is spongy, though often 
full of spicules, and bears large, irregularly compound tubercles, 
with pits between them. 

TRIPPA ORNATA Bergh. 
(Bergh in Semper’s Reisen, Heft xii. p. 543, and Heft xvii. 

CJ Kelaart, Boris intecta, 1. c. I .  p. 302.) 
p. 905. Id., Siboga-Expeditie, Opisthobr. p. 129. 

The original specimen described by Bergh in 1877 was 
reddish-brown with a yellowish median longitudinal band. I n  
another specimen (1890) he found a white longitudinal band (not, 
however, marked in the figure, Semper’s Reisen, Heft xvii. 
pl. lxxxiv. fig. 7), and suggested that the animal might be Kelaart’s 
Doris imtecta. This suggestion is rendered even more probable 
by the description and figures in the ‘ Siboga’ Expedition volume. 

Kelaart’s figure represents a reddish-brown, tuberculate Dorid 
with a white line extending from the branchk to the rhinophores. 
The only objection to identifying it with Trippa or~~ccta is that 
it is said to have long oral tentacles, whereas the accounts of the 
preserved specimens suggest that the tentacles are rudimentary. 
As Doris intecta is said to be very common a t  Trincomalee in low 
water during September and October, the identity may perhaps 
be decided by an examination of further specimens. 

(Plate XLII. fig. 4.) TRIPPA LUTEOLA (Kelaart). 
(Thordisa caudata Farran, 1. c. p. 341. Doris luteola Kelaart, 

Two specimens from the reef at  Tamatave, Madagascar, given 
me by Prof. Voltzkow. A note with the specimens says: “Saum 
citronen galb. Fiihler schwarz. Kieme schwarz.” Through 
the kindness of Prof. Herdman, I have also been able to examine 
the single type specimen of Thordisa caudata in the Museum of 
Liverpool University. All three specimens undoubtedly belong 
to the same species. 

The specimens from Marlapscnr are much bent, but if straight- 
ened out would be 35-40 mm. long and 20-25 broad. The 
colour is a rather clirty white. The back is in most parts covered 
with flat tubercles of various sizes, generally bearing secondary 

1. c. I. p. 299.) 
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excrescences, from which spicules project here and there. But 
in all three specimens there are several bald spaces on either 
side, not connected, but arranged in a more or less continuous 
line from the rhinophores to the branchial pocket. The integu- 
ments are stiff, but not harsh to the touch. They are full of 
rod-like spicules, straight or slightly curved but not branched, 
set in an irregular stellate pattern which is not conspicuous. 
They form columns under the tubercles. The rhinophores are 
dark grey. The pockets open in hillocks covered with tubercles 
like the rest of the back, but not protected by special valves. 
The branchise are also grey, five or six in number and mostly 
bipinnate, but tripinnate in places. The margin of the pocket is 
hardly raised, undulated, but not stellate and not protected by 
tubercles. The mantle-margin is fairly wide. The anterior 
margin of the foot has a shallow groove and a, rather distinct 
notch in the middle. The oral tentacles are white, digitate, and 
tapering ; small, but quite distinct. 

The central nervous 
system is enclosed in a strong capsule and is granulate. The 
ganglia touch one another. The pedal ganglia are round ; the 
cerebro-pleural are separated into two divisions with moderate 
distinctness. Under the esophagus passes the strong, broad, 
short, common cominissure. Mr. Farran found both salivary and 
ptynline glands on the buccal mass, and I also found a t  least two 
sets of glandular organs. Two glands open into the cesophagus 
close to the central nervous system; they are band-like and 
granulate, with long thin ducts. Two other glands, apparently 
connected with the buccal mass, are large, white, opaque, flocculent, 
but compact. Close to 
the mouth I found a gland-like bladder containing irregularly- 
shaped spicules. No labial armature was found. 

The yellow radula consists of 38 rows, two of which are un- 
developed and shadowy. The lateral teeth are 39, as in 
Mr. Farran's specimen, and the number seems remarkably con- 
stant. The 10 innermost are smaller than the rest, rather straight, 
and bear a single minute denticle, sometimes connected with a 
ridge, on the outer side. I n  the middle of the half row the teeth 
are larger and more distinctly hamate. The two or three outer- 
most are small and bear hair-like denticles. 

The stomach is rather large and not enclosed in the liver; 
under it lies a rather large, white, pear-shaped gall-bladder. The 
liver is greenish internally; externally it is covered by a thick 
white layer of the hermaphrodite gland. The genitalia are 
unarmed. Both the spermatothecas are pinkish and globular, but 
one is three times as large as the other, 

Generically this form seems to me referable to Tvippa rather 
than to Thordisu. Both Mr. Farran and myself found ptyaline 
glands, which are regarded as characteristic of t,he genus. The 
back is covered with prominences which are often compound. 
The bald patches perhaps correspond to the pits found in other 

The blood-gland is flocculent and pinkish. 

I could not discover where they open. 
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species. The comparatively short radula and small inner teeth 
are also characters of Trippa, and the denticulation, though rare 
in the genus, is found in I h p p a  monsoni. 

Specifically, I think the form may be identified with Kelaart’s 
Boris luteola. His drawing is not very good and his description 
slight, though not inaccurate. Mr. Farran’s type specimen of 
Thorclisa caudata was found in Ceylon, and the remarkable 
coloration, supported by this identity of habitat, seems a suflicient 
reason for regarding the forms as the same. 

TRIPPA SPONGIOSA (Ue1aar.t). 
(Kelaart, 1. c. I. p. 302. 

(Plate XLIV. fig. 2.) 
Cf. Boris areolata, A. & H. 1. c. 

Phlegmodoris mephitica Bergh in Semper’s Reisen, 

Kelaart’s figure and description seem suffcient to identify this 
species with Phlegmodoris mephitica B. The coloration, con- 
sistency, rhinophore-sheaths, and branchie are all points of 
agreement. Kelaart was apparently unable to find the oral 
tentacles, which is not inconsistent with Bergh’s account of them 
as folds on either side of the mouth. 

Andr6 (“ Mollusques d’Amboine,” in Revue Suisse de Zoologie, 
tome iv. 1896, p. 401) suggests that T. spo9agiosa is the same RS 
Trippa (Doris) areolatffi A. & H. He apparently had before him 
specimens from Amboina, but unfortunately gives no description. 
The identity is not improbable, for the only certain distinction 
between the forms is that there are several black pits in the 
dorsal surface of 1’. areolata, whereas in T. spmgiosa the black 
pigment is wanting, though the back is mid to be ‘‘ deeply pitted.” 
But without a further comparison of specimens it is impossible 
to decide whether the two forms are colour varieties or distinct 
species. 

For some account of T. areokcta, see my paper on ‘‘ Nudibranchs 
from East Africa and Zanzibar,” in Proc. Zool. SOC. 1903, ii. p. 369. 

TRIPPA MONSONI Eliot. (Plate XLV. fig. 1.) 

p. 119. 
Heft xiii. p. 594.) 

(Eliot, Proc. Zool. SOC. 1903, ii. p. 371. C’ Kelaart, Doris 

These two forms are probably identical. They agree in size 
and in a somewhat remarkable coloration, composed of greyish or 
purplish spots separated by white reticulations. The rhinophores 
and branchize are yellowish or greenish. - Kelaart, however, does 
not mention any pits such as are found on the back of T. monsoni. 

An examination of specimens from Ceylon would probably 
decide the question of identity. If it is established, the animal 
will be Trippa leoparda. 

leoparda, 1. c. I. p. 294.) 

D 0 R I D  0 1p S I D B .  

The works of Bergh and Vayssiere contain much valuable in- 
formation about this family, but Hancock, “ On the Anatomy of 
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Doriclopsis” (Trans. Linn. SOC. 1865, xxv. 2, pp. 189-207), is still 
well worth reading. 

The family is divided into two genera, Doriopsillffi and Dori- 
dopsis. Doriopsillffi, which is discussed below, contains at  present 
about six species. 

(Doriopsillffi grffinulosffi (Pease) is doubtful.) 
1. Doriopsillffi ffireobtffi Bergh. 
2. D. pelseneeri Oliviera. 
3. D. miniffitffi (A. Sr; 11.). 
4. D. pffillidffi Bergh. 
5. D. b v i s  Bergh. 
6. D. reticzdffitffi Cockerell &T Eliot. 

Species 3, 4, and 5 are perhaps very closely related. 
In  a paper by Prof. Oockerell and myself (Journ. of Malac. 

1905, vol. xii. pt. 3) Bergh’s list of the species of Doridopsis 
given in his ‘System’ was brought up to date, and 64 species 
were indicated. Of these, D. miniffitffi and D. reticulato are now 
shown to be Boriopsille, but the following additions from Bergh’s 
Opisthobranchs of the ‘ Siboga ’ may be made :- 

63. D. erubescens Bergh. 
64. D. C6111cE?Lffi Bergh. 
65. D.Jfficcidffi Bergh. 
66. D. weberi Bergh. 

These sixty-six species probably include many synonyms, and 
many of them, particularly those described by D’Orbigny, Orosse, 
and Pease, are only doubtfully referable to the genus. Neither 
the buccal parts nor the genitalia supply specific characters 
in the majority of cases, and the external appearance is even 
more variable than in Chromodoris. One of the best known 
species, D. rcigrffi, is protean in its transformations. It not only 
ranges from black to white, with or without coloured borders and 
spots, but is sometimes smooth and sometimes tuberculate. As 
a rule, however, the smooth and tuberculate forms appear to be 
distinct. 

DORIDOPSIS TUBERCULOSA (Quoy & Gaim.) var. 
(Doris carbunculosa Kelaart, 1. c. I. p. 301 ; Bergh in Semper’s 

Alder and Hancock (1. c. p. 128) pointed out that Kelaart’s 
D. cffirbunculosffi is probably the same as Quoy and Gaimard‘s 
D. tuberculosa, though it difers in not having white spots on the 
under side. These white spots are very conspicuous in the living 
animal and remain in alcoholic specimens. Bergh, however (1. c.), 
has described a variety from Mauritius in which the white spots 
are absent, and which agrees with D. carbunculosffi in several 
details, It is very soft, and the under side of the mantle is 
“ mit feinen Langsfurchen,” corresponding t80 Kelaart’s state- 
ment that it is veined. 

Reisen, xvi. 2, p. 845.) 
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As Bergh observes, it is somewhat doubtful if this is merely a 
variety of Doridopsis tuberculosa or a new species. I have a 
specimen captured by Mr. Gardiner at Rotuma, which is of a 
uniform brownish yellow without a trace of spots, but in other 
respects apparently a typical Dom’dopsosis tuberculosa. 

DORIDOPSIS DENISONI (Angas). 
(Dorisdenisonihgas, “Descrip. d’espbcesnouv. de Moll. nud.,” 

J. de Conchyl. 3 sbr. iv. 1, 1864, p. 45. Doridopsis denisoni 
Bergh in Semper’s Reisen, xv. p. 694, ff. Doridopsis 
gemmacea A. t H. 1. c. p. 126, and Hancock, L‘Anatomy of 
Uoridopsis.”) 

According to Bergh, Angas’s name has a few months’ priority 
over Alder and Hancock’s D. gemmacea. 

The three specimens are not very well preserved, but appear 
to agree with Alder and Hancock’s two descriptions cited above 
both externally and internally. 

The mouth-gland is large and consists of many finely divided 
lobes. The liver is flattish, much lobed, and deeply cleft behind. 
No hooks or spines could be found in the male genitalia, although 
they are no doubt really present. The vas deferons is extremely 
long and elaborately coiled. 

DORIDOPSIS ATROMACULATA A. & €1. 
(A. & H. 1. c. p. 129; and Hancock, “Anatomy of Doridopsis,” 

p. 193.) 
One specimen, rather well preserved. It is as described by 

Alder and Hancock, though the structure of the mouth-parts is 
obscured owing to this portion of the body having been opened. 
Superficially the back appears to be white with black tubercles, 
but on a closer examination it is seen that the whole surface is 
studded with groups of tubercles, or with compound tubercles, 
which are in some places white and in others black. Even in the 
black regions the tips of the tubercles are whitish. 

The structure of the branchia is remarkable. The plumes arise 
from a large common ring which, as preserved, projects con- 
siderably above the edge of the branchial pocket. Three of them 
are tripinnate, elongate, but not very ample ; in position they 
are right, left, and posterior. The anterior part of the ring bears 
a number of small inconspicuous bipinnate plumes, and there are 
a few more between the left and the posterior plumes. The 
right and posterior plumes are close together, the arrangement 
not being quite symmetrical. The large anal papilla lies some- 
what to the left of the centre of the ring. 

Doridopsis punctata has also only three branchise, but the 
arrangement is different, the plumes being tripinnate and fairly 
ample, without intermediate smaller tufts. 

Hancock’s statement that ‘‘ the proboscis i s  quite slender and 
tapers imperceptibly into the crop ” raises a doubt if the animal 
may not really be a Doriopsilla (see below). 



1906.) OF SOUTHERN INDIA AND CEYLON. 663 

DOILIDOPSIS CLAVULATA A. Kz H. 
(A. tb H. 1. c. p. 127. Eliot, Proc. Zool. SOC. 1904, ii. p. 278.) 

Three specimens in a fair state of preservation. Though the 
animal has a general resemblance to Doridopsis denisoni, it would 
seem to be easily distinguishable from it externally. The margin 
of the branchial pocket is much more distinctly tuberculate, and 
the large dark green areas on the back are very plain. 

There also seem to be differences in the genitalia. They are 
much hardened, but it is clear that the vas deferens is much 
shorter than in D. denisoni and not so elaborately coiled. The 
lower part of the vas deferens and the penis are thickly covered 
with small, slightly bent, yellowish spines. 

The arrangement of the alimentary canal, so far as it can be 
still ascertained, is as in D. denisoni. A large double mouth- 
gland lies beneath the buccal mass and opens into it by a single 
duct. There is a constriction after the proboscis, and another 
about halfway between the proboscis and liver. 

DORIDOPSIS (2) ORISEA (Eelaart). 

The statement that the “mouth is surrounded with a white 
veil ” makes it probable that this species is a Doridopsis. Kelaart 
uses a similar expression concerning D. carbunculosa; and it is 
evidently an attempt to describe the two small tentacles cha- 
racteristic of the genus which are often attached for the greater 
part of their length and inclined towards one another above the 
poriform mouth. 

B. grisew is possibly the same as the animal figured by Bergh 
in the Opisthobranchia of the ‘ Siboga’ Expedition, platev. fig. 19, 
as ‘‘ Doriopsis Z ” 

DORIOPSILLA Bergh. 

(Kelaart, 1. c. p. 297.) 

(See Bergh, Jahrb. d. Deutsch. malak. Gesell. 1880, pp. 20-30 ; 
id., Zool. Jahrb., Abth. fur  Syst., Jena, 1896, Band ix. 
Heft iii. pp. 454-8 ; and Vayssihre on Doriopsilb cureolata in 
‘ Talisman’ Opisthobranches, 1902, pp. 235-7, and Opist. 
de Marseille, iii. 1901, pp. 50-52.) 

In  Doriopsilla the dorsal surface is granulate and harder than 
in Doridopsis ; but the chief difference between the two genera 
i p  that whereas in Doriopsilla the buccal ganglia beneath the 
alimentary tube lie immediately behind the main body of the 
central nervous system, in Doridopsis they lie a t  some distance 
behind it on a constriction of the alimentary tube, and are united 
to the nerve-collar by rather long connectives. 

The difference may seem slight, but is of considerable structural 
importance, as will perhaps be understood by an inspection of 
figs. 4-7, P1. XLVII., which give comparative views taken from 
beneath and from the side of the central nervous system and 
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alimentary tube in Doriopsillffi midata and Doridopsis migr a 
respectively. It should be remembered, however, that these 
forms may not be typical in all their details, and that other 
species may show minor variations. 

In Doriopsilla niimiatffi the tube which issues from the proboscis 
describes a curve below the nerve-collar ($ Vayssibre, 1. c. 1901 : 
“I1 ile tube] decrit un cercle complet en avant du collier nerveux, 
puis traverse celui-ci), and then passes through the collar and 
above the buccal ganglia which touch the collar to the liver. Its 
diameter is uniform, and its course behind the collar fairly 
straight. In  Doridopsis miyrffi the nerve-collar lies immediately 
behind the proboscis. A straight narrow tube runs through it 
without making any curves until it has passed through the main 
body of the nervous system. It then makes two conspicuous 
bends to the right before entering the liver. In the angle between 
these two bends the tube is constricted, and here are situated two 
small snlivary gIands and the buccaI ganglia, which latter are 
united to the nerve-collar by a pair of connectives which run 
straight and do not follow the bends of the tube. Behind the 
buccal ganglia the tube dilates and makes another bend to the 
right before it euters the liver. 

It looks as if the arrangement in Doriopsilla miniata were the 
more primitive. It is much the same as that found in an ordinary 
Dorid, except that the radula with its pouch and the whole buccal 
maas have disappeared, leaving in their place a curved suctorid 
tube. But in Doridopsis nigra this curved tube has been pulled 
backwards through the nerve-collar, and the buccal ganglia have 
moved with it, and if, as it is reasonable to suppose, the bum1 
ganglia mark the commencement of the esophagus, that organ 
has very different dimensions in the two genera. Though nothing 
is known about the food of the Doridopsidq it is clear that their 
alimentary organs form an exsertile proboscis and a powerful 
suctorial apparatus ; and perhaps the arrangement found in 
Doridopsis nigra (which seems to be by far the most usual in 
the family) allows this apparatus, which probably expands and 
contracts when taking nutrition, to move more freely. 

Doridopsis nigre (Pl. XLVII. figs. 5 & 7) has not only the two 
small salivary glands already mentioned, but also a large bilobed 
gland (Pl. XLVII. figs. 5 d & 7 d) discharging by a single duct, 
which enters the wall of the proboscis rather f a r  back, runs 
forward as a thin tube (Pl. XLVII. fig. 5 e )  in the lower wall 
of the proboscis, and opens close to the mouth. It is generally 
known as the ptyaline gland, but, a s  Hancock suggests, it may 
supply a secretion which can pierce or benumb the animal’s prey. 
Neither salivary nor ptyaline glands could be found in my spe- 
cimens of Doriopsilla miniatffi, and if present a t  all they must be 
small. Bergh reports their presence in Doriopsilla areolata and 
D. pallidffi, but could not find them in D. lcevis (Siboga, p. 179), 
which offers many analogies to 1). nuhiffitcc. The large develop- 
ment of the ptyaline gland in Uoridopsis would doubtless be 
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an additional reason for pulling the alimentary tube back to give 
more room. 

A further examination by sections of Doridopsis reticulato 
(Cockerell & Eliot, J. of Mal. xii. 1905, p. 41) indicates that this 
species also is a Doriopsilla. The real buccal ganglia are not, as 
stated, 4 mm. behind the central nervous system, but close to 
it and united by short connectives to the part that seems to 
correspond to the pleural ganglia. The alimentary tube differs 
somewhat from that of B. reticulnta. The part in front of 
the nerve-collar i s  broad and pouch-like : just under the collar 
(as preserved) is a valvular apparatus separating this anterior 
dilated portion from the long narrow posterior portion. Before 
entering the liver the alimentary tube dilates again into a pouch 
divided by a constriction. Under the buccal parts is a large 
bilobed gland, probably, but not demonstrably, connected with the 
proboscis. 

DORIOPSILLA MINUTA (A. & H.). (Plate XLVII. figs. 4 & 6.) 

Four specimens are preserved, hardened Rnd in bad condition, 
but quite recognisable. The following notes are the result of 
examining recent specimens from Karachi, which I have no 
hesitation in identifying with this form. 

The animal was described by me in the ‘Journal of Conchology,’ 
vol. ii. no. 8, Oct. 1905, as Doridysis nziniatm, and stated to have 
long buccal connectives. Subsequent examination by sections 
has shown that this is incorrect. The por.tion of the alimentary 
canal lying between the central nervous system and the liver is 
supported by several strong filaments, and some of these were 
mistaken for connectives running between the buccal ganglia and 
the central nervous system. 

The sections show clearly that the ganglia are arranged in the 
manner characteristic of Doriopsillo. The main mass (a) is of 
somewhat irregular shape and surrounds the Esophagus. Imme- 
diately behind it and touching it, but below the cesophagus, are 
the two buccal ganglia close to one another. Not far from the 
buccal ganglia a short connective runs to the right and ter- 
minates in a small ganglion near the penis, which apparently 
innervates the genitalia. The anterior portion of the alimentary 
canal is a thin tube, which preserves a uniform diameter until 
it enters the liver. On issuing from the proboscis it describes 
a 2-shaped figure. The lower curve of this figure is free and lies 
below the nerve-collar, which surrounds the upper loop. On 
reaching the liver the tube runs for some distance just below the 
surface before descending into the interior. In spite of a careful 
examination, the presence of ptyaline or d i v a r y  glands could not 
be demonstrated. It seemed certain that the wall of the proboscis 
does not contain a long duct coming from the ptyaline gland as 
in Doridopsis niyro. 

(A. & H. 1. c. p. 130.) 
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Hancoclr‘s observations on D. mirLioto (“Anatomy of Dora~dopsis,” 
H e  says nothing about p. 193) agree on the whole with mine. 

salivary or ptyaline glands. 

The following Dorids, described and figured by Kelaart, cannot 
he referred with certainty to any of the modern genera, but if 
rediscovered will perhaps be recognisable :- 
Doris eZiizobethina (Keleart, I. c. 11. p. 267) (Pl. XLIII. fig. 3) 

has the appearance of a Chronzodoris in most respects, but the 
fairly wide bipinnate branchiz would be abnormal in the genus. 

Doris pwpillosa (Kelaart, 1. c. I. p. 297) (Pl. XLV. fig. 3) is 
coriaceous and bears large papillz. The back is covered with 
reddish spots and markings, but the rhinophores are green or 
blue. The three anterior branchia are white, the three posterior 
reddish. I n  the plate the anterior plumes are hardly visible. 

The very poor 
drawing, which is not worth reproduction, represents a flat 
greenish-grey tuberculate dorid, with no spots. The erect, simply 
pinnate branchia are conspicuous. It may be either a Sphzro- 
doris or a Staurodoris, a d  i t  will perhaps be possible to identify 
it by the greenish coloration of the upper surface and the black 
spots on the lower. 

Doris Zockyerunu (Kelaart, 1. c. 11. p. 268) (PI. XLVI. fig. 1). 
This “splendid species” looks as i f  it might be an Asteronotus, 
but has evidently no resemblance to the D. exanihenmtffi which 
Kelaart disliked so much. 

Doris viperinffi. These large handsome species are probably 
Doris picto. Platydorids or Discodorids. The drawings of 
Doris belticosa. I the under sides are not reproduced. 
D. zriperina (Kel. 1. c. I. p. 299) (Pl. XLVI. fig. 2) is “ corkceous 

. . . . covered with short spinous tubercles.” The drawing of the 
iinder side represents the oral tentacles as large. Both 
the foot and the under side of the mantle are white and spotted 
with reddish brown. 

D. pictu (Kel. 1. c. I. p. 303) (Pl. XLIV. fig. 4) is Faid to be 
“coriaceous . . , . granular . . . . sheaths of rhinophores large, 
granular.” The drawing of the under side represents the oral 
tentacles a s  moderately large ; the foot as white ; the mantle-edge 
as white with a broad red border round the foot. 
D. 6eZlicosffi (Kel. 1. c. I. p. 303) (Pl. XLIV. fig. 3) is “coriaceous 

. . . . granular, and covered with small spines.” The figure of the 
under surface represents the oral tentacles as white and mode- 
rately large ; the foot of a deep brick-red ; the niantle white, but 
largely covered with brick-red spots and blotches, especially near 
tlie foot. 

The dr;twing is very 

Doris corrugccto (Keleart, 1. c. I. p. 303). 

It may be an Orodoris. 

Doris zrariabilis (Kelaark, 1. c. I. p. 300). 
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poor and adds nothing to Kelaart’s description, but the animal 
may perhaps be identified, as it is said tmo be “found in great 
abundance on rocks in Dutch Bay at  low-water mark.” Eelaart 
associates it with Doris atrata (=Doridopsis nigra); so it may 
perhaps be a Doridopsis. Allowing for variations, Doridopt& 
tristis B. and Boridopsis indaca Tapp.-Can. have a somewhat 
similar coloration. 

Doris rzLfopzmctata (Kelanrt, 1. c. I. p. 297) (Pl. XLII. fig. 5). 
There are not sufficient data for assigning this form to any genus. 
It is expressly said that it is coriaceous and stiff; so it may prove 
to be a Platydoris. 

Doris constuntia (Eelaart, 1. c. I. p. 298) (Pl. XLIL figs. 8 & 9). 
Both the description and the drawing seem to characterise the 
animal sufficiently externally, but it is impossible to say to what 
genus it belongs. 

Doris castunea (Kelaart, 1. c. I. p. 303) (PI. XLII. figs. 6 & 7). 
This is possibly the animal described by me as Sclerodoris 
(=Peronodoris) tuberculata (Proc. Zool. Soc. 1903, ii. p. 381), 
but the identity cannot be proved from the materials supplied by 
Kelaart. 

It 
is impossible even to guess to what genus this species shoultl be 
referred, but it looks recognisnble. 

Doris aripona (Kelaart, 1. c. 11. p. 269) (PI. XLV. fig. 2). 

DORIS NIVEA (Eelar t ) .  

It may be doubted if Kelaart is right in suggesting that this is 
the Doris (Chromodoris) pwllida of Riippell & Leuclrart. His 
alternative suggestion that it is akin to Doris (Cadlina) repanda 

‘ is more probable, but in Cadlincc the oral tentacles are generally 
flat and grooved, not line*. It may belong to the Doridopsidre. 
Doridopsis butaviensis and Doriopsilla pallida are whitish. No 
drawing of the species has been found. 

TREVELYANA. 

(Eelaart, 1. c. I. p. 296.) 

This genus was founded by Eelanrt for T. ceylonica in the 
Ann. Sr; Mag. Nat. Hist. ser. 3, 1858, vol. i. p. 257. Perhaps 
the Gynznodovis of Stimpson (1855) is a synonym. If so, the 
name has priority, but Stimpson’s description is inadequate. 

Trevelyana and Nernbrotha form a small group within the 
Polycerida, characterised by the entire absence of frontal and 
dorsal appendages. The dorsal margin and frontal veil are 
vestigial or entirely absent. The rhinophores are retractile, the 
branch& non-retractile. There are no jaws. The penis is armed 
with spines. The foot is narrow 
and the general shape limaciform. Greilnda somewhat resembles 
this group in external characters, but has frontal appendages, and 
the buccal parts are as in Polyeera. 

The oral tentacles are small. 
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The two genera are clearly distinguished. Externally the chief 
difference is that Trevelyana has numerous small branchiae and 
Nembrotha a few (3-5) large branchiae. In  Trevelyaria the radula 
is fairly wide; the rhachis bare; the teeth are awl-shaped or 
slightly hamate, and though the innermost is generally distin- 
guished from the rest, it is not of an essentially different shape. 
I n  iVembrotha, on the other hand, the radula is narrow ; there is 
a rhachidian tooth; the &st lateral is large and falciform, the 
rest are mere plates. Also, whereas in NernbrotRa the hermaphro- 
dite gland is spread over the liver, as is usual in the Doridids, 
in Trevelyana it is 'quite separate from the liver and forms two 
globular masses in front of it. 

This arrangement is very rare in the Dorididae and is charac- 
teristic of such forms as Scyllcea, Bornella, &c. It might be 
supposed that it would not occur in a Doridiform animal without 
being accompanied by other profound structural modificahions ; 
but it is found not only in Bathydoris, but also in Alloiodoris, 
which, but for this peculiarity, seems to be a perfectly ordinary 
Dorid. 

It will thus be clear that it is not easy to see how Trevelyana 
can be derived from Nembrotha or vice versa. Nembrotha may 
be regarded as an animal analogous to Friopa which has lost its 
appendages, though the dentition is not exactly the same. But 
Trevelyana cannot be so explained. I n  its dentition, though not 
in other respects, it shows greater resemblance to Notodoris. 

About nine species of Trevelyana seem fairly certain :- 
1. T. ceylonica Kelaart. 

= IT. rzcbromraczclata Bergh. 
= T. picta Pse. 

8 = Doris impzcdica Riipp. & Leuck. 
2. T. bicolor A. & H. 
3. T. citrina B. 
4. T. nlba B. 
5. T. inorwta B. 
6. T. plebeia B. 
7. T. crocea B. 
8. T. coccinea Eliot. 

1 9 .  T. rubropapzdosa B. 
Bergh in his ' System,' p. 1144, includes in his list Trrev. Z mbra 

Pease, but in the Opisthobranchs of the ' Siboga' has inadvertently 
registered a form under the same name as a new species. The 
specimen was, however, small, and its state of preservation 
rendered a full description impossible. It may be the same as 
T. rubra Pse., which is very incompletely described. T. concinna 
Abraham, of which nothing is known except the external fea- 
tures of an alcoholic specimen, does not seem to me sufficiently 
characterised. 

The remarkable Tr. ? dPfema described by Bergh (Sibogx, 
pp. 192-3) must, I think, be regarded as a new genus if not n 
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monstrosity, and can bear the name Thimnffi, as suggested by 
Bergh. 

About thirteen species of Nernbrotha are fairly well charac- 
terised. The dentition of N. rubro-ocellata B. (Siboga, pp. 201-2) 
is unknown, and it does not seem to me that the animal is 
sufficiently distinguished extei-nally from other forms such as 
LIT. rubropapulosa :- 

f 1. N .  nigerrima B. 
I 2. N. cristata B. I < 
I 3. N .  kubffiryffinffi B. 
[ 4. N. cmrukffi Eliot. 

~ 5. N .  lilzeolata B. 
6 .  N .  amitina B. 
7. N. mmosa B. 

[ 8. N .  diffiphffina B. 
9. N .  gratiosa B. 

10. .iV. c @ w k  Eliot. 
11. A'. verconis Hedley & Basedow. 
(Trans. Roy. SOC. 8. Austr. 1905, vol. xxix. p 158.) 

12. N .  gracilis B. 

(See Eliot, Proc. Zool. SOC. 1904, ii. p, 90, 
and Bergh, Siboga, 1905, p. 195.) 

I 
{ 13. N. rubropapulosa B. 

The brackets merely mean that the species are allied, and do 
not necessarily imply probable identity. It is possible, however, 
that some of the species are only colour varieties. Nos. 1 to 4 
are dark, with a comparatively wide radula containing about 
12 teeth on each side of the rhachis. N. lineolata is yellowish 
with fine brown lines and 8 teeth on either side of the rhachis. 
I n  the remaining species the radula is narrow and there are only 
3 or 4 teeth on either side. Nos. 6 and 7 are dark; nos. 8 and 9 
present a brilliant combination of colours in which bright yellow 
and dark blue are prominent. A%?. gracilis and N. rubropapulosffi 
both have a tricuspid rhachidian tooth and a siinilar coloration of 
black and red. 

TREVELYANA CEPLONICA Kelaart. 

p. 257, and pl. x. B. 
(Kelanrt, Ann. SZ Mag. Nat. Hist. April 1858, vol. i. no. 4, 

Eliot, Proc. Zool. SOC. 1904, ii. 
pp. 86-7. 

Cf. Trev. rubromaculata Bergh, Siboga, pp. 189-191.) 
There can be but Mtle doubt that Bergh's T. rubromaculatffi is 

the same as the earlier I! ceyloitica, for the agreement in characters, 
both external and internal, is almost complete. The radula in 
Bergh's specimen seems to have been somewhat larger than in 
mine (from East Africa), though it is not quite clear whether 
there were 16 or  32 teeth on each side of the rhachis. 

The species can be recognised externally by the colour and by 
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the large branchis. Pease’s T. picta (Amer. Journ. of Conch. 
1871, vol. vi. p. 301) is perhaps a synonym, since it has a similar 
coloration and the “ branchial star large . , . . wider than the 
body.” Perhaps also Riippell& Leuckart’s Doris impudica (1 828) 
is the same species. If this can be proved, the specific name has 
priority. 

The Newcastle collection contains a good coloured drawing by 
Eelaart, which is not reproduced here since it has already been 
published in black and white in the Ann. & Mng. of Nat. Hist. 
(1. c.). See also the coloured edition of H. & A. Adams’s ‘ Genera 
of Recent Molluscs,' pl. cxxxvii. fig. 14. 

KALTNGA A. & H. 
This remarkable genus was regarded by its discoverers, Alder and 

Hancock, as intermediate between Euplocamus and Plocamo- 
pherus, but it does not possess the characteristic conformation of 
the radula and prostate which distinguishes those genera. Them 
can be no doubt, however, that it belongs to the Polyceride. 
Externally it differs from most members of the family in its 
somewhat doridiform shape, the absence of a tail, and in having 
its branchie entirely separate from one another, much as in 
Hexabranchus * and Bathydoris. In the Doridid= phanero- 
branchiate, where the gills are not retractile, the complete 
isolation of the separate plumes does not necessarily imply any 
considerable structural change, but it may be a survival of an 
arrangement which is more primitive than the symmetrical 
circuit of united branchie. 

The genitalia, so far as they are known, seem to be of the type 
found in POhp7.a and its allies, but the shape of the glans penis 
is unusual and resembles that of Phialodoris. The radula differs 
from those of all known nudibranchs. It is very broad and com- 
posed of very numerous tricuspid teeth. The specimens here 
examined indicate that the buccal organs are of extraordinary 
size and strength, though it is hard to my what may be their 
natuml position and nzod2u operamdi. 

KALINCIA OI~NATA A. & H. (Plate XLVII. fig. 2.) 
(A. & H. 1. c. pp. 134-6. Bergh in Semper’s Reisen, xvii. 

Farran, 1. c. p. 347.) 
The Newcastle collection contains three poorly preserved 

specimens, which are the types used by Alder and Hancock for 
their description published in 1864, and also a very large specimen, 
relatively well preserved, and labelled “ Sir W. Elliot, Madras, 

* The descriptions of the gills of Hexabranchus are often most misleading, for 
they state that the organs are retractile into separate cavities or pockets, thenatural 
meaning of which is that each branchia has a separate parmanent cavity into which 
it can be retracted. But in reality there are no such cavities. The plumes are con- 
tmctile separately, and wheii they contract, the skin, being soft, forms a temporary 
hollow at their bases. Rut they do not disappear into a pocket, and when they 
spread out again the hollow vanishes. 

pp. 959-962. 
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1867." It appears to be specifically the same as the smaller 
specimens. 

It is rather rectangular in outline and measures 106 mm. in 
length, 49 in breadth, and 41 in height. The coloration is brown 
of various shades; the dorsal surface and most of the branchi= 
are dark brown; the sides of the body, the foot, the exserted 
proboscis, the rhinophores, all the dorsal processes and in places 
the tip of the branchie are light yellowish brown. 

The back is flat ; the margin does not project, but is clearly 
marked by a line of ramose processes extending at least as far 
back as the branchie. Of these processes, eight on each side are 
taller than the others, and the largest are about 6 mm. high and 
5 mm. broad. They are branched three or four times, but as 
preserved suggest not so much branches as aggregations of 
tubercles. There are ten similar but rather smaller processes 
on the oral veil, varying from 2 to 5 mm. in length. Besides 
these marginal appendages, both the back and the sides of the 
body are irregularly sprinkled with processes of all shapes and 
sixes, varying from a height of 2 mm. to microscopic dimensions. 
The larger are distinctly ramose, the smaller apparently simple. 

The rhinophore-pockets are not much raised and the maruins 
are studded with sinall processes like the rest of the back. %he 
rhinophores are completely retractile, smooth below, but bearing 
about 40 perfoliations on the top part, which is bent backwards. 
The large branchia cover the posterior third of the back. 
They are quadri- or wen quinque-pinnate and consist of four 
groups :- 

An enormous plume, 30 mm. long and 
35 broad, arising from a single stem, but dividing close to 
the base into two large and two smaller branches. There 
is a pocket-like hollow round the base, but the plume is by 
no means retractile and extends beyond the dorsal margin. 

(a) I n  front of this large plume and a little nearer the median 
line is a smaller group (14 mm. x 16 mm.) with three main 
divisions. ( c )  Rather to the right of this and on the 
middle line of the back is another group of two plumes 
(about 20 mm.x l2  mm.), which seem to rise from a 
common base. 

{d) On the right is another group, about the same size as the 
last, which seems to consist of two plumes arising from a 
common stalk, though it is hard to be certain of this as 
the back is much corrugated. There is no large plume on 
the right corresponding to (a) ,  and the whole arrangement 
of branchia is asymmetrical. The anal papilla is on the 
median line just to the right of (a). Though the opening 
is very large, it is low and inconspicuous. I n  front of it 
lies another opening, probably the renal pore. On the 
right side of the body, about halfway down and 25 mm. 
from the frontal veil, is the genital opening-a large simple 
pit in the interior of which are the separate sexual orifices. 

(a) Left posterior. 

PBOC. ZOOL. 80~.-1906, NO. XLV. 45 
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Just below the oral veil on either side are two Bat folded lobes 
(4 mm. long by 3 broad) which appear to represent tentacles. 

A huge proboscis, unlike anything which I have ever seen in 
the Nudibranchiata, is everted under the oral veil and folded 
under the body of the aniinal (Pl. XLVII. fig. 2 a). It is 98 mm. 
long, and 34 mm. broad a t  its base, but tapers towaids the tip, 
where it is about 8 mm. broad. The radula, which was found a t  
the point marked c on this proboscis, is torn into seveial longi- 
tudinal strips, and the rhachis and innermost teeth can no longer 
be distinguished. When perfect, the ribbon must have been very 
large, consisting of between 300 and 400 tianh\erse rows, each 
containing at  least 200 teeth 011 either side of the rhnchis. All 
the teeth examined are as  figuied by Farran (1. c. plate iii. 
figs. 23, 24), tricuspid with long bases. 

From this strange buccal apparatus a strong muscular tube, 
about 30 mm. long, 12 mm. wide, and nearly straight, runs to the 
liver, enters it and re-emerges as the intestine. Within the liver 
is a small stomach which seems to receive only one hepatic duct. 
The walls of the stomach and intestine are quite clistiiirt within 
the liver. The liver itself is about 57 inm. long and 38 broad, 
tapering posteriorly. It is elongate-ovate in shape and greyish 
in colour. I ts  relations to the hermaphrodite gland are not clear. 

The central nervous system is enclosed within a strong white 
capsule, but is itself rather Clark grey. The general outline is as 
usual, suggesting the three pairs of ganglia, but no division into 
ganglia is traceable in its substance. It beems to be composed of 
a mass of large and small granules not set in groups. 

The genitalia are not well preserved, but owing to  their large 
size the principal features can still be ascertained. The ampulla 
of the hermaphrodite gland is much convoluted. It is abont 
3 mm. broad and, as coiled, 30 mm. long. At  its end comes the 
bifurcation of the male and female branches. The first part of 
the male branch is enveloped in a large lobed organ, which is 
apparently the mucus-gland, and enters the female branch close 
to  the bifurcation. When free from this gland, the male branch 
appears as a broadish tube (5 mm.) with rather thin walls. It 
dilates into an elliptical expansion (presumably a prostate) about 
15 mm. long and 10 mm. broad, with thickish walls and empty 
inside. After this dilation it becomes a thin-walled free tube, 
35 nim. long and 5 mm. broad, running to the penial pouch. 
The vas deferens within the pouch is straight and not convoluted. 
The lower part of the vas deferens bears an armature of numerous, 
minute, brownish spines of very various shapes and sizes-long, 
short, htraight, wavy or hooked, but mostly with narrow bases. 
The glans penis is formed, as Bergh says, somewhat as in 
Phialodoris. There seem to be two elongate lateral folds of skin, 
and in the middle another fold surrounding a rather irregular 
opening. After the bifurcation the female branch is thin and 
constricted. It receives the ducts of the above-mentioned niiiciis- 
gland (1) and of the large hard albumen-gland. Then comes the 
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small pear-shaped spermatocyst (9 rnm. x 3 mm.) full of brownish 
matter. Below this is the roughly spherical spermatotheca with 
n diaqeter of about 20 mm., sessile, or rather forming simply a 
dilatation of the tube. From the spermatotheca runs a tube 
about 45 mm. long to the vestibulum genitde, and at the point 
where it enters it there is a much laminated body of glandular 
appearance which is probably the Blase of Bergh (1. e. p. 962). 
No other organs could be identified with certainty. A folliculate 
gland found detached among the genitalia may perhaps have 
been the blood-gland dragged out of place, and have had no real 
connection with them. 

The eversion and protrusion of the buccal parts found in this 
specimen have also occurred in the three smaller specimens, but 
are less conspicuous owing to the relatively small size of the 
organs. I n  the specimen examined by Bergh the buccal parts had 
&.sappeared. No doubt they had been protruded and then acci- 
dentally torn off. I n  Farran’s specimen, too, “ the whole buccal 
mass had been everted through the mouth-opening, so that the 
radula lay along the under surface of the everted organ.” It is 
therefore clear that the buccal parts are habitually protruded in 
preserved specimens ; but it is impossible to say whether this pro- 
trusion is due to convulsive action at the moment of tleath, or 
whether the living animal can protrude its raclula voluntarily. 
Information as to its feeding-habits is much to be desired, for 
whatever may be the muse of the protrusion, it is evident th:it 
the buccal organs are of unusual size and strength. 

An inspection of the parts protruded in all Alder and Han- 
cock’s specimens, particularly of their musculature, suggests that 
the portion nearest t o  the body of the animal (Pl. XLVII. 
fig. 2 a )  is everted, that is to say turned inside out, but that 
the  d k t d  portion (fig. 2 b )  is in its mtural  condition and 
simply protruded. The smaller (but badly preserved) specimens 
entirely support this view, because, in them, if the protruded 
portion is straightened the rdula is, or appears to have been, on 
the upper side. But in the large specimens and in Mr. Fm-ran’s 
specimen the rarlula lies on the under side ; a position which it is 
ditlicnlt to explain, nnless we suppose that the radula has been 

* dragged round and is not in its normal place. 

P H Y L LI D 11 DAL 

Few recent additions have been made to this family, which, 
though abundant in the Indo-Pacific, has not hitherto proved 
numerous in species. It appears to me, however, that PyUid iu  
za?/lo?aiccc, Kelaart must be regnrded as separate from 1%. oaricosa, 
with which Bergh unites it. The beautiful animal described by 
Uer@ as Ph. eurlestis (Siboga, pp. 182-3) is perhaps a distinct 
species ; but its coloration, though lighter and brighter, is 
essentially that of PA. varicosa. Many specimens at any rate of 

45* 
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this form are, when alive, glossy black with slate-blue ridges and 
orange tubercles on the back. 

Bergh (Siboga, p. 180) observes that the genus Cercctophyllidia 
Eliot “ist  wohl mit der Phyllidiopsis identisch.” It is not 
denied that the mouth-parts are as in Phyllidiopsk, but the back 
is studded with papill= which consist of soft globes mounted on 
flexible stalks which shake when the animal moves. They seem 
to me strikingly different from the flat hard tubercles of the other 
l’liylli~liidse, and to constitute a sufficient generic character. 

PHYLLIDIA ZEYLAXICA Kelaart. 
(Kelaart, 1. c. 11. p. 494.) 

Bergh (Systeni, p. 1120, and elsewhere) i<egards this species 
as equivalent to i’hyllidia caricosa, but the identification offers 
many difficulties. The rhinophores and oral tentacles are said to 
be black, whereas in Ph. varicosa they are yellow. The foot is 
wliitidi, wheyens in Ph. aaricosa it is blackish or purplish with 
a deep bhck median hie. Also the general arrangement of the 
dorsal pattern is not the same. It cannot be said that in Ph. 
aaricosa ‘‘ three continuous black lines r u n  round the whole 
length” of the back. The form seems to have greater afinities to 
Ph. rosans, but here also differences of shape and colour present 
themselves, for among other points Ph. xegbizica is more dis- 
tinctly tuberculate. It must,, I think, be regarded provisionauy 
as a separate species. 

(Plate XLII. fig. 10.) 

BORNELLA DIQITATA Ad. dz Reeve. 

Among the drawings are two labelled ‘‘ Bornella digitatffi ” and 
‘ L  Dendrowotus vel Bornelh Eamcoekii,” both containing figures 
of the entire animal and of the rhinophores and papillae separately. 
I n  both there are five pairs of papilla behind the rhinophores, and 
no difference is discernible except that in B. digitutu the rbino- 
phorial papillst! have five branches and the others three, whereas 
all five are represented as having four branches in 11. hancockii. 
But even this difference is not observed in the figures of the 
entire animals. 

(=B. hancockana Kelaart, 1. c. 111. p. 269.) 

The two names are clearly synonyms. 

S c Y L L B I  DB. 

The fanlily contains two genera : S c y l l ~ n  L. and Crosslandio 
Eliot. The latter is closely allied to ScyZZcea in structure but 
differs in appearance, since the dorsal margin instead of bearing 
two large papillse on either side, is expanded into a single wing- 
like flap. 

Like other genera of pelagic, or semipelagic, nndihrancl~s, such 
as Glaucus, Phgllirot?, and Bexabraizchus, Scyllcxa presents 
numerous varieties differing in colour and external details, among 
which it is extremely hard to find valid specific characters. Also 
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some of the o1,ler species ara very imperfectly known. Uergli 
rwogiliheS eight species altogether, antl in the coniinoiicht, 
ASG. pshyiccc, four varieties besides the typical form. Bttsetlow 
 ti Hedley (Trans. €toy. SOC. South Australia, vol. xxix. 1905, 
pp. 148-9, pl. ix. figs. 1 &T 2) have recently figured some forins of 
very divergent appenrance which they refer to  this species. 
Accoriliiig to the structuie of the radula the species fall into two 
groups. I n  Sc. pelc&c the teeth are flat and bear only a f ~ w  
tlenticles : Sc. mffirmorccta belongs to  this group. In Sc. elegffi/~tula 
:I1111 S‘c. bicolor the teeth are erect and bear more iiumerous (10- 
13) tleriticles. 

Alder and Hancock (1. c.) described two species : Sc. ciridis 
ancl Sc. mffinnorcctcc. No specimen of the former is forthcoming, 
but tlie animal should be recognisable by its shape if found again. 
Notes on the specimens of Sc. rnarmorffitffi are appended. 

. On Kelaart’s dr*%wing of the animal which he has called 
Scyllcecc (?) dracmnffi, Hancock has written :-‘‘ Not a Scy1la.o ; 
belongs to the BLiIlid~e.’’ The drawing suggests that  i t  is a 
mutilated Lobiyer with only three wings. But no shell is visible. 

S C Y L L B A  MARMORATA A. b H. 
(A. 9: H. 1. c .  p. 136.) 

Two specinleiis fioui Newc:Lstle, preserved in alcohol. They are 
liigli :~ntl iiarrow, about 16 nun. long and 3 nim. broad. One lias 
I),,eu tlibsected already, and two large globular masses of the 
lierm +pfiroJite gl:uid :we very conspicuous. 

So f m  <is can be now seen, the external characters are as  de- 
buribecl by Alder :~iill Hnncock. The most remarkable features are 
the row of very dibtinot yellow tubercles on ewh side of the h l y ,  
aiitl the large size of tlie whitish brancliiw which are set inside the 
ceiata :tnd on the caudal crest. The largest tufts are 3 mrn. wide 
a d  the brauches 2.5 long. 

The jaws are greyish, of the shape usual in the genus, with 
edges which a le  irregular in places, but not denticulate. The 
hurfaue i R  covered with fine striations and with numerous very 
short rods, which look like minute spicules. In parts near tlie 
edge is developed a fine mosaic. On the labial cuticle are two 
grey triangular patcheh M i th a colourless triangle between tliein. 
They appear to be of tlie same substance as the jaws and exhibit 
the s:aine short ro Is. rliis formation is perhaps analogous to tlie 
laiid arrri:~ture in Borr~ellffi. 

sihte I of a t  least 1 G  rows when complete, with at least 27 teeth 
ill the longest rows. The teeth do not rlinkr materially f r m i  
thohe of Scyllma pelngica. The central tooth has a stroiig, fint, 
elongate, rectangnlnr base, but is not very broad. It, bears 
four tlrnticleb on either side of the central cuq?. The first IatJeiala 
are siiuilar to  it, hut narrower. The rest become gratliially 
broatler antl bear ab iiiariy as six longisli clenticles on either side. 

r 1  1 he r a ~ l u h  is, as usiial, somewhat fragile and clecayed, but cnn- 
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The outer teeth approach the liamate shape, but all have the 
double ]'ow of denticles. 

I n  the specimens already dissected by Alder and Hancock were 
found in the stomach (presumably the second stomach) twelve 
yellowish triangular plates of somewhat varying size. Other parts 
of this digestive tract are mottled with reddit;h-brown spots which 
bear papilb. 

The buccal mass was removed from the second specimen, which 
was not further dissected in order to preserve its external 
appearance. 

P L E  u R O P  H Y  L L I D  I I D  a, 

The Oriental collections belonging to Alder and Hancock 
contain twelve specimens of this family referable to six species. 
This is an unusually large number. It is probable that the 
animals burrow in sand or mud and escape the notice of ordinary 
collectors, though when once discovered they may be found iu 
considerable plenty and variety. 

Four genera have been described-PleurophZ~i~iu Meckel, 
LingueUcc Blainville, Cccmc~vgu Bwgh, PlewrophylJidielh Eliot ; 
and to them I think should be added Plewokurcc (= Bevmuto- 
brurnchus). Bergh and others make this last genus the type of a 
separate family, which differs from the Pleurophyllidiidse only in 
having no gills or lamells under the mantle. But as the organi- 
sation of the two groups is the same and somewhat remarkably 
difterent from that of other Nudibranchiata, it seems better to  
recognise their affinitiev by uniting them in one family, just as 
has been done in the case of Tethys which has branchial tufts, and 
1Velibe which has none. 

I n  Pleuroplyllidza the anterior dorsal margin forms a continuous 
fold behind the rhinophores, so that the space in front of the 
rhinophores is separated from the rest of the dorsal surface. 
I n  Lirnguello, on the other hand, the anterior fold is not 
continuous, and the dorsal surface passes between the rhino- 
phores without interrnption, and then spreads out into the ares 
in front of the rhiiiophores. Though this character is clear 
and decisive in well-preserved specimens, it is often obscured by 
distortion, and most of the I/ingtiellm in the prepent collection have 
superflciallp the appearance of Pburoph yllidin, the real structure 
being visible only on careful examination. It would seem that 
when the animals are put into spirits the head is withdrawn and 
contracted, with the result that a fold is formed behind the 
rhinophores. This artificial fold may illustrate the manner in 
which the natural fold of PZeurophylfidia has arisen in the course 
of evoliition. Linguellffi is probably the more primitive form, for 
in Nudihranchs the rhinophores generally rise out of the dorsal 
surface and it is the exreption that they should be separated from 
it. But if the rhinopliorcs come close together and the anterior 
pmts are often retracted, there must be a natural tendency to 
foviti :L fold as in P&urop?qllirlia. 
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Bergh in his ‘ System ’ mentions 19 species of Plezcrophyllidia. 
Of thede I think that P. marmorata Kelmrt is probably Linguella 
cinerea Farran, though the description is somewhat vague. 
I’. Zxg%Gi)ris Bergh seems to have been accidentally omitted from 
the list. Only two species appear to have been described since :- 

20. P. rosem Bergh. 
21. P. stenidicc Bergh. 

To the five species of Linguella enumerated by Bergh (2. c.) may 
be added :- 

6.  L. variolosa Bergh. 
’7. L. cinerea Farran. 

(2 = Diphyllidia marmorata Eelaartrt.) 

Camccrga, represented by one species, C. marginatffi (Oersted), 
from the Pacific Coast of Nicaragua, seems to have a ridge in 
front of the rhinophores connected with the mantle by a wide 
cornmissure *. 

The genus PleuropJ~yllidiella was proposed by me (Proc. Zool. 
8oc. 1903, vol. i. p. 250) for a species, P. h,omtii, from East Africa, 
which appews to have no traces of branchire or a branchial cleft, 
though lateral lamellre are present. The head parts appear to be 
as in Lin,yuebla. Bergh (Siboga, 1905, p. 208) svgFests that the 
branchiw may be so deeply retracted as to be invisible. I doubt 
if this is the case. I f  the branchie are merely obscured and not 
really absent, the more probable explanation is that they are so 
far from the body that they are undistinguishable from the lateral 
lamelle, which is much the same as saying that they have 
disappeared if the conformation described exists in the living 
animal. While fully admitting that the preserving fluid niay 
strangely distort external features, I see no particular reason to 
suspect this specimen t. 

I n  several Pleurophylliclias (especially P. pallidcc, P. compta, and 
P. stenidicc) the lateral larnellrt: are greatly reduced : in Pletwolmra 
both branchire and lateral lamellre are entirely absent. The 
radula of Pleuroburcc is narrower than in the other genera, and 
in one species (P. picteti) there are only four laterals. The head 
parts seem to be as in Limguellcc, though the plates show some 
discrepancy in this respect, probably due to distortion in preserved 
specimens. Some of the species are quite small, and none seems to 
exceed about 3 centimetres in length. Probably the totd absence 
of a specialised breathing-apparatus is unfavourable to the growth 
of large molluscs. It is hard to say whether the genus should bo 

* I ain not m1’e that I clearly understand Bergh‘s diagnonis of thi’i genus, and the 
figures in his Monogmph on the Phyllidiadre (nl. ix.) do uot. throw much light on 
the external characters. Clypeu’i 
toutaculsris latun, seniilunnri~, angolis productis ; caroncnla nnciialis hnmilis, lata, 
i l l  pallium cominissura latiore traimiens j rhiiiophoria srjnucta. Sncci cnidoyeui 
nolli.” 

f In my drccription,.p. 252, I .  c., t,lie stateninlit that the first lateral tooth bears 
dcn:icles ‘‘ only on the internal side ” is a iniapriiit : rend “ e.rtenla1 side.” 

The diagnosis is :-I‘ Corpus ininus elongatum. 
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regarded as more primitive than the forms which have developed 
branchize and lateral lamellse, or as retrograde. Perhaps the latter 
hypothesis is more probable, 

To the five species mentioned in Bergh’s ‘System’ may be 
added :-- 

6. PI. walteri Krause. 
7. PI. picteti And&. 
8. PI. albo Eliot. 
9. PI. pallida Bergh. 

10. PI. suhensis Bergh. 

The family, especially the genus Pleurophyllidia, is probably 
cosmopolitan, being at present recorded from Spitzbergen, the 
Northern Atlantic, the Mediterranean, Brazil, California, Val- 
paraiso, Honolulu, Japan, China, the Persian Gulf, India, Ceylon, 
the Malay Archipelago, East Africa, and West Australia. 
Linguella seems confined to the Indo-PacSc, all the eight species 
being recorded from Indian, Chinese, and Japanese waters. 
Pleuroletcra has much the same distribution, with the striking 
exception of P. walteri from Spitzbergen. 

The coloration is usually sober, but some of the tropical species 
are rose-coloured, and Pkurophylbidia tcenioluta is striped with 
purple and yellow. 

In all the genera each species has a characteristic dentition, but 
it may be observed that in many species only a single individual 
or very few b v e  been examined, so that the radulae may show a 
wider range of variation than is at present known. The arrange- 
ment of the teeth is i n  all cases essentially the same. There is a 
rhachidian tooth bilaterally symmetrical and bearing several cusps, 
a somewhat clumsy first lateral which sometimes resembles half 
the rhachidian tooth, and a varying number (from 3 in Pleuro- 
lezcm picteti to 180 in Pleurophyllidia forrnosa) of subsequent 
haniate laterals. The species differ chiefly in the amount of 
denticulation, and all degrees of it are found, from Pleurophyllidia 
natulensis and P. cyyneffi, in which all the teeth are smooth, to 
Plezcrophyllidia umdulatu, in which they are all denticulate. The 
various transitional stages can be easily traced, but it is hard to 
gay whether we should regard them as the gradual disappearance 
of denticles from denticdate teeth or the gradnal splitting up and 
serrulation of smooth teeth. It may be noticed, however, that 
the radula of such forms as P. cygmea is very like that of Tritonia, 
and the jaws are similar in the two groups. The bncc:il parts 
might therefore be regarded as derived from those of Tritomiffi ; 
but otherwise the Pleurophyllidiidse occupy an isolated position, 
and their peculiar chaiacteristics are probably correlated with 
burrowing habits, which are known to prevail in some species. 
It would be interesting to know if their resemblance to the 
Phyllitliidse, which is merely external, can be explained by any 
similarity in their manner of life. 

Of the Newcnstle specimens, Pleurophylliclia forrnosct and 
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LirLguella cinereu appear to have been presented -by Kelaart, 
which is agreeable to the supposition that they represent his 
Diphyllidia formosa and 1). rnarrnorata. 

PLEUROPHYLLIDIA FORMOSA (Kelaart). (Plate XLII. figs. 11,12.) 
(L)iphgllicZia formosa Kelaart, 1. c. 11. p. 494 ; Bergh, “ Anato- 

mische Untersuchung der Pleurophylbidicc forwaosa,” Verh. 
d. k.-k. zoo1.-bot. Gesellsch. in Wien, xix. 1869.) 

One large specimen seems to be identical with both the animal 
described by Kelaart and that described by Bergh. It is unfor- 
tunately very badly preserved and the body has become soft and 
crumbly. The shape is Iingni- 
form. The colour is yellowish white, but the frontal shield is 
still faintly reddish, and the back bears traces of about 30 longi- 
tudinal stripes; The rhinophores have also preserved their pink 
and black coloration. The side-lamells are nlmost obliterated, 
but the branchiae are distinct and set in a deep cleft. There is a 
longitudinal furrow in the posterior part of the foot. Of the 
internal organs only the hard buccal parts were sufficiently well 
preserved to be examined. They appear to be as described by 
Bergh. The jaws are large,. brown, convex externally, 
bearing on the edges many denticles which can be seen with a 
hand-lens. It 
bears four denticles on each side of the central cusp, which is 
itself slightly denticulate. The fust lateral is large and bears a 
few irregular indentations. The next few laterals are smooth ; 
after that the rest are bifid, except the three or four outermost, 
which are again smooth. 

One of Eelaart’s drawings represents this species lying half 
buried in sand with the head and tail exposed. I have seen 
P. culifornica behave in the same way, and no doubt the habit is 
common in the genus. The sides of the mantle are held against 
the body so as to form a tube, through which a current of water 
is sent over the gills and side-lamella 
P. formosa is allied to P. ceylanica, which has a smaller radula 

and the outermost teeth serrulate, and also to P. cygnea and 
P. ~~atalensis, in which all the teeth are quite smooth. The 
figure of P. cygnea given by Basedow and Hetlley (Trans. Royal 
SOC. of South Australia, vol. xxix. 1905, p. 149,.pl. x.) is remarkably 
like Kelaart’s drawing, and differs chiefly in representing the 
frontal veil as colourless, not pink. 

. 

It is 62 rnm. long and 28 broad. 

The median tooth of the radula is very broad. 

PLEUROPHYLLIDIA TXNIOLATA Bergh. 
(Bergh, Bidrag Monogr. Pleurophyllidierne, pp. 42-46. 

Eliot, “ Nudibranchs from the Indo-Pacific,” Jonrn. of 
Conch. vol. ii. no. 8, Oct. 1905.) 

One specimen of this fine species, which has hitherto been 
Length if stretched recorded from Mozambique itnd Muskat. 
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out about 60 mm., brcntlth about 27 mm. The pattern of yellow 
and purplish stripes is still very plain, though the colours have 
faded to white an11 black. The external and internal characters 
agree with pel-ious descriptions. The formula of the radula is 
about 57 x 65.1.1.1.65 in  the longest rows. The rhachitiian 
tooth beijrs one denticle rather high up on either side of the 
central cusp and 5-6 rather low down. The first lateirtl is clumsy 
in shape, and bears 4-5 minute denticles on its outer edge. The 
remaining teeth are hamate, with projections behind the base. 
All except the 10-20 outermost have one or more denticles, often 
only one, but in this case the tooth never appears bzd .  

~ N O U E L L A  ClNEREA Farran. 

One specimen obtained from Kelaart appears referable to this 
species. Through the kindness of Prof. Herrlmnn I have also 
had an opportunity of examining the type specimen preserved in 
the Museum of Liverpool University. 

ICelmrt’s specimen is yellowish grey with darker shades here 
and there, and very flat and broad. Length 25 mm., breadth 
21 mm., height 6 mm., breadth of foot 15 mm. The ezternal 
ch:irac*ters are a s  described by Farran, but he does not allude to 
the narrowness of the bmnchial lamellre, which is renmrkable in 
both specimens. They are about 30 in number, and set on the 
under side of the mantle so as to form a narrow band 2 or 
3 millimetres wide. This band is separated from the mantle- 
margin by a clear space, and from the side of the body by another 
clear space as wide as the band itself. These side-lamella run  
into the gills, which in places a re  hardly distinguishable from 
them. The true ,dls are about 25 in number and prolonged into 
R distinct cleft. On emh side of the large round mouth there 
appears to be R process athched to the under side of the tentacular 
shiekd. There is a groove in the hinder part of the foot. 

The jaws are yellow, long and narrow, with several rows of 
clenticles, which are most developed on the masticatory proccss. 
I n  places there are a t  least eight rows of them, but they are often 
indistinct. The radula is decayetl and very fragile, but there are 
at least 40 rows of teeth, and perhaps 50 teeth in each row 011 

either side of the rhachis. The central tooth is strongly arched, 
with a moderately long median cusp and 6 or 7 lateral denticles, 
of which only the highest is on the side of the central cusp as a 
rule. The first lateral is lower and broader than the rest, and 
nsuslly bpam 8 rather distinct blunt denticles. The succeeding 
treth are hamate, arid beoome taller and slenderer in shape and 
he i r  more denticles. In the middle of the half row the number 
of denticles amounts to 18 or 20 ; then it somewhat decreases, 
:~ritl on the outer teeth the denticles are more minute and less 
distinct ; but all the teeth, except the outermost of all, bear traces 
of scrrnlntion. In tho broken condition of the radnla, however, 
it is diflicult to be sure which are the outermost teeth. This 

(Farran, 1. c .  p. 334.) 
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radnla is essentially the &same as in Farran’s * specimen, but the 
medim tooth is a little lower and broader and the side-teeth are 
more distinctly denticulate. 

Ke1,zart’s specimen is not accompanied by any name or  note, 
but I strongly suspect that it is Diphyllidia rnarmorata t. His 
description is vague and the plate, which is very bad, adds 
nothing to it. But perhaps the living animal might be identified 
by its coloration. Kelaart says the body (i. e. the sides of the 
body under the mantle, as the plate shows) is white and spotted ; 
the mantle yellowish brown and marbled with darker brown or 
greenish brown; the veil white, with a yellow margin. The 
colour of L. cinerea in life is unknown. 

LINUUELLA VARTOLOSA Bergh. 
(Bergh, Malac. Unters. in Semper’s Reisen, Theil vi. 

Five specimens are perhaps referable to this species, which is 
recorded from China. They represent two well-marked varieties, 
which may possibly prove to be distinct species, and in all the 
radula differs slightly from Bergh’s description. That dewription, 
however, was made from a single specimen, and the differences 
observed do not appear to exceed the variations possible within 
the limits of a species. 

I n  two specimens (A) the external characters correspond closely 
with Bergh’s description. In two others (B) the dorsal tubercles 
are much sninller and arranged in continuous ridges, which 
materially modify the general appearance. The fifth (C), how- 
ever, stands midway between these groups, and suggests that they 
are both varieties depending on the size and arrangement of the 
tubercles. 

Lieferung i. 1904, pp. 21-24.) 

The buccal parts are essentially the same in all. 

A. The larger of the two specimens is about 43 mm. long and 
17 mm. broad. The conformation of the anterior part seems t o  
be as in Limgcsella, but the portion before the rhinophores is much 
contracted and bears only a few minute tubercles. The colour is 
uniform brownish yellow. The back is studded with large and 
small tubercles, which towards the rhinophores show a tendency 
to arrange themselves in 5 longitudinal lines. The larger tubercles 
are as much as 1.5 mm. in diameter, arid bear a dark spot or  
depression in the middle. The branchiz and side-lamells are as 
described by Bergh, and behind the branch& is a globular or ovate 
Imdy, apparently a modified lamella, measuring about 2.5 mm. by 
1.5 mm. The foot is gi+ooved in front and with small pointed 

* Farran’s dewription of the rsdula is liable to miainterpretation. He says : 
“ T’ht, f i t  s t  lateial tooth with 9 denticulations on the outer edge. The teeth increme 
in Irngth outm nrdq, the number of dmticulations decrcasing.” But the dmticles do 
not decrenke fioni 9 dowii\iardq. Thcy attain the number of 18 or 20 before they 
Legiii to dccreat.e. 

D. ,fOrmom. 
t Hc cyircusly rogistcrs DipAyZlidia am1 Liizpslln as sylioiiyms undcr 
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corners, as in many Aeolids. The formula of the raclula is 
47 x 20.1.20, increasing in a few rows to 23.1.23. 
I). The larger of the two specimens is bent, but about 25 mm. 

long and 15 mm. wide, the margin being spread out. The colour 
is grey ; the under surface, and especially the side-lamcllm, darker. 
Most of the external characters in both specimens are the sameas 
in h : the globdar body behind the branchiw, the anterior groove 
and corners of the foot, and the parts in front of the rhinopliores. 
But the dorsal surface appears very different, since it bears 15-20 
ridges divided by smooth areas. These ridges are formed of 
tubercles more or less fused together. They are all srriall com- 
pared with those of A, but in one of the specimens they are larger 
th:m in the other, less fused together, and soiiie bear spots ah in 
A. The two specimens do not agree in details, showing that there 
is a considerable tendency to variation. The radula in the 
spccimen opened is about 42 x 16.1.16 as a maximuin, but many 
rows :we shorter. I propose to call this form L. acwio2osa, var. 
striata. 

0. One rather large specimen, yellowish with traces of red and 
brown here and there. Not so well preserved as the others and 
rather soft. Length about 60 mm., breadth about 27. The 
external cliaracters are mostly the =me as in the other specimens, 
but the organ behind the branchie is less globular and more 
c l e d y  resemhles a swollen lamella. The greater part of the back 
is covered with large and small tubercles as in A, the larger being 
pitted at the top arid having a diameter of about 2 mm. But in  
the median part of the anterior half these tubercles give place to 
ridges like those found in B, composed of small prominences more 
or less fused together. The formula of the radula is 63 x 25.1.25. 
In a few rows there are 27 laterals. 

The character of the dentition and jaws is the same in all the 
specimens. The median tooth is broad, and bears 8-9 denticu- 
latioris and ridges on either side of the central cusp, ~ 1 .  hich has 
itself one or two sniall denticulations. I n  specimen A this 
central cusp is lower than in the others. The first lateral bears 
about 8 denticles on the outer side. The second lateral also bears 
about 8 denticles, axid has something of the cliimsy shaiie sliowi 
in Bergh’s plates (1. c.  plate ii. figs. 17-20). The third lateral is 
uiore erect, and bears about 4 denticlea (rarely 5-6) near the top, 
and often one or two more arranged irregularly lower down and 
sometimes quite near the base. The fourth lateral bears one or 
two denticles, rarely three. The remaining teeth are smooth and 
hamate. The jaws are large, strong, brownish yellow, and Fear 
5-6 rows of knob-like dentitions along the edge. 

I n  Bergh’s specimen only three laterals were denticulate, 
whereas in all which I examined the denticulation extended to 
the fourth tooth. This difference, however, hardly amounts to a 
specific character, unless it be found to persistently accompany 
ot8her peculiarities. The proper description of the radula is 
probably : the first few laterals denticulate, the rest smooth. 
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LINGUELLA SARASINICA Bergh. 
(Bergh, ‘‘ Weitere Beitr. zur Kennt. der Pleuroph.,” Verh. 

k.-k. zoo].-bot. Gesells. Wien, 1890, pp. 10-12. Eliot, 
“ Nudibr. from the Indo-Pacific,” J. of Conch. ii. 8, 1905, 

A single specimen, which looks well-preserved but is very soft 
and crumbly. It is broad and flat, but rolled up. If stretched 
out, it would be about 60 mm. long and 40 wide. The colour is 
yellowish grey of various shades, with a white border round the 
mantle. The back is covered with tubercles of various sizes. The 
smaller are mostly pointed. The larger are flat roundish plates, 
as much as 2.5 mm. broad, and showing signs of a centraI peak 
which has perhaps been flattened by artificial pressure. 

At  first sight the conformation of the anterior part seems to be 
as in Pleurophyllidia, the mantle-margin being continuous behind 
the rhinophores. But the white border is interrupted, and a 
careful examination proves that the apparently continuous fold is 
due to contraction, and that the dorsal surface i s  prolonged un- 
interruptedly between and before the rhinophores. The surface 
in front of the rhinophores is studded with conical papilb and 
flat tubercles like those of the back but rather smaller. The gills 
lie between the body and the mantle-edge, not in a cleft. They 
are only 30-40 in number, thin and of vaxying size, the largest 
being 7 mm. The side-lamellte are much larger and thicker than 
the gills, but are not numerous (20-30). They are often inter- 
rupted and broken, so that it is hard to count them. The tail is 
short, and there is a deep furrow in the posterior part of the foot. 

The yellow jaws are large, each being about 11 mm. long and 
5 mm. broad. The edge bears 
minute irregular lumps, but is not denticulate. On the inside of 
the masticatory process is a trixngulw membranous flap about 
2 mm. long. The rdula consists of 55 rows containing 120-130 
teeth on each side of the rhachis.. The rhachirlian tooth is not 
very wide but arched, with a deep sinus behind. The central 
cusp is moderately prominent, and bears 2-3 denticles on its 
slope ; below them are about 8 ridges terminating in denticles on 
either side of the tooth. The &st lateral is hardly hamate, but 
squarish with a few (generally 4) denticles. The remaining teeth 
are hamate. The second and third bear 8-12 denticles. Then 
the number of denticlea decreases, and after about five teeth the 
appearance is bifid, though accessory denticles beneath the bif UT- 

cntion occur throughout the row. I n  general, the denticnlation 
is irregular. Smooth teeth occur here and there throughout the 
outer lialf of the row, and the last ten are usually, though not 
invariably, smooth. 

I think this form may be referred to L. sara~inica, recorded 
from Trincomalee and the Persinn Gulf. The jaws, however, 
present differences, and are not denticulate as in the specimens 
previously examined. But the denticulations may wear off’ in the 
larger and older individuals. 

pp. 240-1.) 

The middle part is very convex. 
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LINGUELLA FALLAY (?) Bergh. 
(Bergh, " Beitr. zur  Kenntriiss der japanischen Nurli- 

branchien," Verh. k.-k. zoo1.-lot. Ges. in Wien, xxx. 1880, 

Con- 
sidering their age they are well preserved. The r lord surface, 
gills, side-lamellze, and foot are all brownish pink ; the mantle, 
foot, and tenhcular shield are bordered with yellow, and the 
rhinophores are tipped with the same colour ; the dorsal surface 
bears 15-20 yellow longitudinal stripes, with indications that 
there were narrower stripes between them which have disappeared. 
Under the lens it is seen that some of the stripes are composed of 
a series of minute yellow rings. The largest specimen is about 
40 mm. long (but much bent) and 16 broad. 

The dorsal surface is smooth, except that some of the stripes are 
distinctly r a i d ,  and is continuous with the smooth tentacular 
shield, which is not very wide and not much produced a t  the ends. 
The central dorsal stripe passes between the rhinophores and 
beyond. The gill is a tightly-packed collection of lamella, which 
lie not in a cleft, but between the body-wall and the mantle-edge. 
Immediately behind the gill there is in all the specimens a large 
lobe (as much as 5 mm. x 3 mm.), and in one there is a smaller 
accessory lobe on the left side. The side-lamell= are numerous 
and thick, not so well preserved as the rest of the animal, but 
seemingly fan-shaped. The largest is 4 mm. long and 2 mm. 
broad at  tEe tip, but narrower at  the base. The penis projects in 
front of the gill. It is aboub-5 mm. long, cylindrical, slender, and 
unarmed. No cnidopores were found. 

The jaws are yellow, not very strong, with 6-8 rows of mosaic-like 
denticles. I n  the two specimens opened, the radula consisted of 
55 and 60 rows of teeth respectively. I n  the smaller radula the 
number of laterals did not exceed 17 or 18, in the larger it rose 
to 21. The rhachidian toothis very broad, and bears 10 denticles 
on each side of the central cusp. The first lateral does not overlap 
it much, and is not very markedly different from the succeeding 
teeth, though stouter and more hamste. The f i s t  four laterals 
bear eight denticles. The rest are smooth and erect, but the fifth 
sometimes bears one or two denticles. After the fifth no denticlev 
were seen. 

I n  most of their external characters and in their buccal parts 
these specimens agree with L. fu lbx ,  described by Bergh from a 
single specimen found at Enosima, Japan. Bergh, however, 
mentions no dorsal stripes, and it is remarkable that they should 
have diqpeared in a comparatively recent specimen and lasted 
so long in those kept at  Newcastle. Also, although the radula is 
essentially the same +is that described by Bergh, the central tooth 
is wider than in his figure. The identification must therefore 
remain somewhat doubtful until more Indian and Japanese 
specimens can be compered. 

pp. 177-180.) 
Three spec.imens are possibly referable to this form. 
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I n  general appearance the animal must be something like 
Pleurophyllidia formosa, but is probably of a more uniform light 
rose-colour. 

PFIIDIANA UNILINEATA (A. & H.), 

Six specimens are preserved, but have become completely dry 
and hard. No characters could be ascertained except the buccd 
parts, which were found in one specimen. 

The jaws are rather long and narrow, somewhat decayed, but 
showing in places a row of large distinct denticles. 

Twelve teeth were found. They are yellow and benr from G 
to 9 (Pl. XLV11. fig. 1) denticles on either side, the highebt of 
which is on the central cusp. The number of denticles often 
appears to be orily seven when it is really more, because the 
additional denticles are very small. 

(Plate XLVII. fig. 1.) 
(A. & H. 1. c. p. 143. Bergh, System, p. 1031.) 

This form seems to be clearly a Phidcliana. 
SAMLA BICOLOR (Kelmrt). (Plate XLV. fig. 4.) 

= Sanala anlzuligera Bergh. 
(Eolis bicolor Kelaart, 1. c. 11. p. 490. Bergh, Schauinsland’s 

Reise nach der Pacific : Die Opisthobranchier, pp. 236-9.) 
If reliance (’an be placed on external characteristics, these two 

forms are undoubtedly identical as they agree both in shape and 
colour. Not only are the arrnngement * and coloration of the 
cerata the same, but both have the oral tentacles strongly developed 
and rhinophores with a short stalk and perfoliate club. It only 
remains to ascertain that E’olis bicolur has a triseriate ratlulit. It 
is said to be found among seaweed in Back Bay, Trincomalee, 
and will be easily recognimble. 

The genus Sumla, founded on a single specimen, differs from 
$“ahellilia only in having the corners of the foot rounded and no 
penial armature. It may be doubtecl if these characters are of 
more than subgeneric value. 

EOLIS SNIEDLEYI Kelaart. 

The ringed rhinophores and tentacular procebses of the foot 
indicate that this is probably a Ehcelixa, and the large oral 
tentacles and disposition of the ceratn are in keeping with the 
supposition. But none of Kelaart’s Aeolids (with the exception 
of h’. bicolor) can be identified with known forms or referred to  
modern genera with any certainty. This is not the fault of his 
drawings (which are better than those of the Doritls), but is due 
to the fact that most tropical Aeolids have been described from 
preserved specimens. The external appearance in life is often 
wholly unknown, for they lose their colour and sliape in alcohol 
even more mnipletely than Dorids. 

* Icelaart’s statement that the anterior C ~ U S ~ P T ~  are “compoced of 34 or illore 
branchm, the othera of two  larely of thl’ee,)l i# ckdlly a ru1rpi.int for “three, four, 
br more.” 

(Plate XLV. fig. 5 . )  
(Kelaart, 1. c. 11. p. 492.) 
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EOLIS HUSSEYI Kelaart. 

Though this species is described and figured with a distinctness 
which will probably be sufficient for recognition, it is not easy to 
assign it to any definite genus. It may be a Cratena or Cuthona. 
Several Crateria: are recorded from the Indo-PacXc, and Cuthonu 
bicolor from Japan. It is also not impossible that it may be IL 
I‘hestella, as the form of the head cannot be distinctly seen. 

(Plate XLV. fig, 6.) 
(Kelnart, 1. c. 11. p. 490.) 

EOLIS NODULOSA Kelaart. 

This species will perhaps be recognised by the character of the 
rliinophores. The plate, confirmed by the description, represents 
them as bearing three strong annulations, an unusually small 
number. 

(Plate XLV. fig. 7.) 
(Kelanrt, 1. c. 11. p. 491.) 

EOLIS EFFULGENS Kekzart. 
(Kelaart, 1. c. 11. p. 491.) 

This is perhaps a Pacelina. 

(Plate XLIII. fig. 4.) 

The rhinophores are perfoliate, 
and a sketch of the lower surface (not reprodiired) shows that tlie 
front of the foot is produced into distinct tentacular processes. 
The elongate shape of the body, large oral tentacles, and the 
general arrangement of the cerata agree with the generic characters. 

The animal will probably be found again, as it is said to occur 
in great numbers in Dutch Bay and other parts of the sea near 
Fort Frederick. 

The drawings of Eolis paulinae (Pl. XLIII. fig. G )  and Eolis 
tristis (Pl. XLITI. fig. 5),  which are reproduced, will probably 
enable any one who re-discovers the animals to recognise them, 
but in the absence of further details it is useless to speculate on 
their generic position. 

STILIGER? VIRIDIS (Kelaart). 

Ptsrochilus is the original nxme of Embletoitia A. & H., dis- 
carded because it was found to be already used in Entomology. 

It cnn 
hardly luo Ercolania xu~1zi6aricffi Eliot (Proc. Zool. SOC. 1903, ii. 
pp. 256-7), which has club-shaped cerata, though the coloration 
is similar and both animals nre found in seaweed. The “ nume- 
r o w ,  long, linear, acutely pointed cerata ” somewhat resemble 
Trinchese’s figure of Placida tnrdyi. 

It is diflicnlt to distinguish satisfactorily Stiliger, Ercolffirk~, 
and Placida (Luura). 

PHYLLOBRANOHGS ORIEXTALIS (Kelnnrt). 

(Plate XLVI. fig. 3.) 
(Pterochiks viridis Kelaart, 1. c. 11. p. 492.) 

7 7  l h e  piesent aiiimnl i p  more probably allied to Xtiliger. 

(Kelaart, 1. c. 11. p. 492. Alder & Hnncock, 1. c. p. 145. 
Cf. PhyZ. prasiizzcs Bergh in 8emper’s Reisen, Heft ii. 

Six specimens are preserved, much contracted and hardened, 
pp. 52-87.) 
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and three of them have been already opened. Nearly all the 
papille have been detached, but are preserved separately. 

The specimens are dark brownish green, from 15 to 20 mm. 
long, and from 5 to 7 mm. wide, The 
largest have a stalk about 2.5 mu. long, and the foliaceous expan- 
sion at the top measures about 6 mm. by 5 mm. The eclge of the 
expanded part is symmetrically indented ; from the funnel at  
its base radiate about five raised tuberculate lines, some of which 
bifurcate or trifurcate. The grooved ancl bifid rhinophorev are 
still quite plain, as are also the grooved tentacles beloK them. 
From these tentacles runs down a ridge on either side, which seems 
to mark off the head from the rest of the body. The large tubular 
anal papilla is on the right side a little below the dorsal margin, 
and 4-6 mm. from the anterior end. The lateral margins of the 
foot are expanded ; the anterior margin appears to be grooved. 
There is no trace of any transverse division of the sole, as in 
Cyerce. 

The state of the internal organs rendered dissection impossible, 
but the long pinkish buccal crop was still discernible. The radula 
consists of 37 teeth, the number mentioned by Alder and Hancock, 
arranged in a spiral like that represented by Bergh (1. c. plate vii. 
figs. 2, 3). The outline of the teeth is as represented by Bergh 
(ib. fig. 4), ancl they bear 15-18 blunt, truncate clenticles. The 
first four at  the base of the spiral are mere plates ; the rest are 
perfectly formed and increase rapidly in size. 

According to both the statements and drawings of Alder & 
Hancock ancl Eelaart, the dorsal papillw pass round the head 
and in front of the rhinophores, which they do not do in the 
other known species referred to Phyllo6rcmchzis. The preserved 
specimens do not throw much light on this point. None of them 
has any papillze in front of the rhinophores, but; it is impossible 
to say that such papillw have not fallen off. On the other hand, 
a comparison 1~7th the specimens of Phpl. prccsimus collected by 
me in Zanzibar suggests that the conformation of the head-parts 
is precisely the same. T t  is also noticeable that Alder and Hancock 
complain that the specimens were too hard and brittle for ana- 
tomical examination. This suggests that they were then in much 
the same condition that they are now, and that Alder ancl Hancock 
merely repeated Kelaart's statement as to the papilla extending 
round the head. They no doubt extend up to the lappets con- 
nected with the oral tentacles, and, when the animal retracts its 
head and assumes a circular form, might appear to surround the 
rhinophores. But it is remarkable that both Kelaart and the 
Indian artist, whose drawings are certainly not copied from one 
another, agree in representing the papillze as arising in front of 
the rhinophores. It is also probable that Kelaart referred the 
animal to Proctonotus because he thought that the papillte passed 
round the head. 

Nevertheless, 1 think it likely that this species is identical with 
Phyl. prccsinus and Phgl. rubicundus, which do not appear to be 
differentiated by any marked characters. Kelaart's drawing is 

PROC. ZOOL. Soc.-1906, No. XLVI. 46 

The papille are greenish. 
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much paler than Alder and Hancock's, but has a faint pink tinge 
in places, prticularly on the rhinophores. 

I n  any case, Phgllobranchus orientalis A. 65 H. is the type of 
the genus, and the points in doubt can probably be settled by an 
examination of specimens from Ceylon. Phyl. viridis B., from 
the West Indies, ancl Phgl. h~p i?& Trinchese, from Naples, 
seem to be distinct. 

ELYSI IDB.  
Though the genera E'lysiffi and Plc~cobraitchus are clearly 

distinguished, it does not seem to me that the differences between 
the two groups called by Bergh Elysiiclse and Placobmnchids are 
sufficient to constitute two families. 

The whole family (comprising Placobrffinchus, Elysia, Tridachiffi, 
Thuridillffi, Elysiella, and Boselliccj is  nearly related to the 
Limapontiids, which differ in the reduction of the tentacles, the 
absence of lateral expansions of the body, and the slight rami- 
fications of the lirer. Elysiella and Bosellia seem to be connecting- 
links, but neither genus is well known. The genus Thuridillffi is 
well characterised : there is a buccal crop, and the anal papilla is 
median ancl posterior as in Alderiffi. But the distinction between 
Elysiffi and Tr'riclachiffi is less satisfactory. I n  the latter genus the 
wings are very ainple with crinkled margins, and in the type 
species (7'. crispata) united behind the head. But this connection 
between the two wings seeins not to occnr in the other species. 

Bergh (Journ. Nus. Godeffroy, i. 1873, pp. 79-80) gives a list 
of twenty species of Elysia. Of these, the Etysia sp. Schramm 
may be omitted. It is almost certainly identical with one of the 
species created by Verrill, and, as it is nameless, has no claim to 
be maintained. Xlysiffi niyropumctffitffi (Pease) 1871 appears to 
be the same as the earlier h'. ptcnctata Kelanrt 1859. I have not 
been able to identify the animal cited as Elysia neapolitffina d'Ch, 
without a reference, 

Since the publication of this list several species have been 
clescribed, of which JT. Zineolffita Bergh seems t o  be clearly a 
synonym of E. c ~ r d e f f i  Helaart. E. hendersoni Eliot is not 
characterisecl in sufficient detail. Other species are :- 

19. 8. dubia Eliot. East Africa. 
30. E. ornatffi Verrill. Bermuda. 

(There is a Pteroyffistron orvz,atur)% Pease, which may 
be an Elpsia and have priority for the specific 
name.) 

21. E. subormcta Verr. Bermuda. 
22.  E.Jlavffi Verr. ao. 
23. E'.picta Verr. 110. 

21. E. papillosa Verr. do. 

26. E. haiwgsisiana Bergh. do. 
35. El. thysmopo&c Bei-gh. 

37. 8. crispa Veri-r. Bermuda. 

Malay Archipelago. 
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Several of these twenty-seven species are probably mere colour 
varieties. It is, for instance, clear that in both the tropical 
Pacific and trdpical Atlantic there is found a greenish Elysia in 
which one or more coloured borders and spots of various colours 
may be present or absent. More distinct are the forms with a 
coloration offering vivid contrasts and often brilliant, such as 
3. cmrulea, E. picta, and E. haimgsisialtw. Other good characters 
may perhaps be found in the shape and denticulation of the teeth, 
and in the conformation of the wings, tentacles, and pericarclial 
prominence. 

ELYSIA GRANDIFOLIA * Kelnart. 
(Kelaart, 1. c. 11. p. 493.) 

Two specimens preserved with the rest of Kelaart’s molluscs 
are probably referable to this form, but have no label. They are 
of a uniform yellowish grey, much contorted, and so decayed and 
fragile that it is hardly possible to unroll them without breaking 
them. The 
wings are ample and the tail long and pointed. The rhinophores 
are well developed and auriculate. The mouth is ventral. The 
sole is not in any way marked off from the under side of the wings. 
Though the specimens are in such bad condition, it seems clear in 
both of them that the pericarrlial prominence is not a simple 
ro1incl lump, but that the pericardium or some accessory organ is 
prolonged posteriorly for about 10 mm. The projection is not 
even, but constricted several times. From either side of it spring 
about seven main trunks of prominent vein-like reticulations. 
Each is subdivided many times and the whole upper surface of 
wings is covered with an elaborate raisecl network. 

The raclula consists of 8 teeth in the ascending series, 1 2  in the 
descending, and about 20 in the heap. They are of the form 
usual in the genus, hollowed in the back and rather straight in 
outline. Under the highest power the lower edge appears 
minutely serrulate, but this seridation is not visible under lower 
powers. 

Kelaart’s figure agrees fairly well with the hpecimens, but 
the head, as drawn, is rather small. The coloration resembles 
Bergh’s figure of Elysia omata (Siboga, pl. ii. fig. 20) and my 
figures of Elysia rnccrginaikz (Proc. Zool. SOC. 1904, ii. pl. xvi. 
figs. 7, 8), hut neither of these has the pointed tail and the 
elongate pericardial prominence. The latter feature appears in 
E. dzcbia Eliot (Proc. Zool. SOC. 1. c. p. 297). 

(Plate XLVI. fig, 4.) 

They are about 30 mm. long and 20 mm. broad. 

ELYSIA CBRULEA Eelnart. (Plate XLIII. fig. 7.) 
(Kelaart, 1. c. 11. p. 493. C’ Bergh on Elysia? Lineolatcc, 

This can hardly be anything but the Elysia lilteolata of Bergh, 

By an error Bergh has registered this animdl in his lists as E. gmndiJEora, bn t 

in Siboga-Espeditie, Opisthobranchia, pp. 85-87.) 

Iiclaart calls it graadifolia both in NS. and in print. 
46” 
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which has a similarly gorgeous coloration, though there are some 
differences of detail. For instance, in Kelaart’s animal the 
rhinophores have not red tips, but a red ring below a black tip. 
Elysia picta Verrill, from the Bermudas, has a somewhat 

similar brilliant coloration, and also the unnamed species noticed 
by MaR?relli in his ‘‘ Note biologiche sugli Opisthobranchi del 
Golfo di Napoli” (Atti della SOC. Ital. Milano, 1903, vol. xlii. 
p. 283). 

It is possible that these forms are not true Elylsias, but belong 
to Thuridilla or some allied genus. 

ELYSIA PUNCTATA Kelaart. (Plate XLVI. fig. 5.) 
(Kelnxrt, 1. c. 11. p. 493. Cf. Elysia nigropzmctata Pease, 

Anier. Journal of Conchol. 1870-71, 1’. 304; and Bergh, 
Journal des Mus. Godeffroy, Heft ii. 1873, pp. 80-82.) 

This species appears to  be the same as Elysia rzigropunctata 
Pease ; and as the plate indicates that the rhiiiophores and the 
pericarclium are bordered with red, it probably represents the 
vat-. sanguirwc of Herlley (lfem. of Australian Mus. iii. 7, March 
1897, p. 486). 

The name pumtatu (1859) has priority over nigi*opuizctatu 
(1871). 

EXPLANATION OF THE PLATES. 

PLATE XLII. 

C .  daunlii, p. 643. 
Doris el?sabethina, p. 666. 
Eolis efulgc i~s ,  p. 686. 

Fig. 1. 
2. 
3. 
4 .  
6. 
6. 
7. 

Fig. 1. 
2. 
3. 
4 .  

Pig. 1. 
2. 

Pig. 1. 
2. 
3 .  
4 .  

Fig. 1. 
2. 
3. 

6. E.paulince, p. GY4. 
7 .  Elys ia  ererulea, p. 689. 

Chroinodoris amabilis, p. 642. 
C.jidelis,  p. 642. 
C. preciosa, p. 642. 
Trippa lzcteola, p. 658. 
Doris ruj%punctnta, p. 667. 
D. castanea, p. 667. 
Do., underside. 

Trippa nionsoiti, p. 660. 
Doris aripvita, p. 667. 
D. pnpillosa. p. 666. 
Saiiala bicolor, p. 686. 

Fig.8. Doris  constaetia, p. 667. 
9. Do., underside. 

10. Phyllidia zeylanica, p. 674. 
11. Pleurophyllidia formosa, p. 679. 
12. Do., underside. 

Fig. 6. Eolis smedleyi, 11. 685. 
6. E. h i ~ ~ s e y i ,  p. 686. 
7. E. nodulosa, p. 686. 
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PLATE XLVII. 
Fig. 1. 

2. 

3. 

4. 

5. 
6. 

7. 

Phidiana usilineata, tooth (p. 685). 
Kalinga ornata (p. 670). a, the proximal ; 6, the distal region of the pro- 

truded buccal Darts: e, the place where the radula was found; 
d, the mouth. 

Platydoris formosa (p. 646). Scales from the reproductive organs. a, lateral 
view of a scale showing granulations; 6, view of a scale from above: . .  
c, section through a scale.- 

Doriopsilla miniata (p. 665). Nervous system and anterior part of alimentary 
caical, seen from the side. 

Doridopsis nigra (p. 664). 
Doriopsilla mininta (p. 665). Nervous system and alimentary canal, seen 

Do., do. 

fro& below. 
Doridopsis nigra (p. 6W). DO., do. 

In the last four figures the nei'vou6 system is drawn in red and thedigestive tract 
in black, and the following lettering is used :-a, central nervous system ; 6, buccal 
gauglia; e, genital ganglion; d, ptyaline or mouth-gland; 8, duct of do.; f.  pro- 
boscis ; g, salivary glands ; I, liver; m, mouth. 

2. Description of a new Zebra. 
By the Hon. WALTER ROTHSCHILD, Ph.D., F.Z.S. 

[Received June 19,1906.1 

E Q u u S  ANNECTENS, Sp. nOV. 
This very distinct form of Zebra is a t  once distinguishable by 

the very narrow white stripes and broad black bands extending 
from behind the ears to  the root, of tail. The black bands 
extend from root of tail much further longitudinally towards 
the shoulder than in any other form, all being joined up with 
the transverse bands, and not broken up as in most forms of 
E. bzcrohelli. It differs a t  first sight from E. zebra and most forms 
of E. bzcrchelli by the entire absence of red on the face and 
muzzle, thus approaching E. burchelli selousi. Head, legs, and 
tail evenly banded with narrow white bands on an intense black 
ground. Ears strongly banded. 

Skull.--This shows, from its less bombiform frontal and 
greater width across the palate, an intermediate character between 
the forms of Equzcs burchelli and Epuzie zebra; a very distinct 
feature is the great breadth and convexity of the malar and 
maxillary. 

Habitat. Neighbourhood of Fort Jameson, N.E. Rhodesia. 

3. Description of a new Bush-Buck. 
By the Hon. WALTER ROTHSCHILD, Ph.D., F.Z.S. 

[Received June 19,1906.] 

CEPHALOPHUS ROBERTSI, sp. nov. 
This is nearest to C. harveyi, C. cccstawus, C. cccllippgzcs, and 

47. rtatalemsis, but differs from them all by being quite uniform 
in colour, of an orange-chestnut of a much paler, yellower, and 
brighter shade. 

(Male type.) 
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Colour of body, legs, and head orange-chestnut or pale 
Chinese-orange. Occiput, outside of ears, and a large patch above 
the nostrils, ash or mouse-grey. Chest and inner side of fore legs 
above knee more whitish. Crest between horns and on forehead 
dark rufons and very long and thick. Horns long, basal third 
ringed and rugose ; much slenderer than in the four allied forms. 

Length of horns 80 mm. 
&&tat. Portuguese East Africa (Roberts Collection). 

4. On the Entomostracan Fauna of the New Zealand Lakes. 
By G. STEWARDSON BRADY, M.D., LL.D., D.Sc., F.R.S., 
C.M.Z.S. 

[Received May 18,1906.1 

(Plates XLVII1.-LI.") 

I am indebted to my friends Messrs. Keith Lucas, M.A., and 
G. Hodgkin, M.A., for the opportunity of examining the very 
interesting Plankton collections made by them during their 
bathymetrical survey of the New Zealand Lakes. The present 
paper deals with the Entomostraca only. 

The higher Crustacea-comparatively few in number-are 
reported upon by Professor C. Chilton of Canterbury College, 
Christchurch, in a separate paper (infva, p. 702). Besides the 
Crustacea, which constituted almost the whole bulk of the nettings, 
there were a few Hydrachna, a very few insect larvse, and in some 
of the gatherings a considerable number of a rotifer belonging 
to, or closely resembling, the genus Asplanchna. Fragments of 
confervoid and unicellular Alga were also abundant, and some 
very small fragments of a polyzoan were also noticed. Samples 
of about seventy nettings came under my review. These were 
taken from seven different lakes in  depths varying from the 
shallow-water of the shore to an extreme depth of about 1450 feet. 
The proceeds were preserved in various solutions-picronitric, 
formalin, and alcoholic. The picronitric solution is objectionable,. 
acting as a solvent on the calcic material of the shells, and 
formalin is liable in a less degree to the same objection. But, 
as a rule, the specimens were well preserved. 

The most striking fact arising out of this research is the small 
number of species found in so extensive a series of netting! from 
so many different lakes. The climatic and physical conditions of 
these lakes may be taken as closely approximating to those of the 
English Lake-district of Cumberland and Westmoreland ; and it 
is interesting to compare the results of the investigation of the 
two areas so far as is a t  present possible. The following table 
embraces those species which occur only in the lakes themselves,, 

* For explanation of the Plates, see p. 701. 
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-not those of nameless oublying pools. Had these latter been 
included the English list would have been much longer, but would 
have compared unfairly with that of New Zealand, where similar 
gatherings are not at  present attainable. 

The list represents as nearly as possible what one might expect 
to get in the English Lakes from a series of hauls such as those 
dealt with from New Zealand. 

ENGLISH LAKES. NEW ZEALAND LAKES. 
CLADOCERA. 

Sida crystallina 0. F. MiiZler. Simocephalus gibbosus G. 0. Sars. 
Diaphanosima brachyurum LievBn. ,, obtusatus 6. M. Thomson. 
Latona setifera 0. F. MiiZZer. Ceriodaphnia globosa, sp. n. 
Holopedium gibbernm Zaddad. Bosmina meridionalie, G. 0. Sars. 
Daphnia galeata G. 0. Sars. Chydoivs sphaericus Baird. 
Hyalodaphnia jardinii Baird. ,, globosus ? Baird. 
Simocephalus vetulus 0. F. Miiller. 
Ceriodaphniaqnadngula? 0. F. Miiller. 
Bosmina obtnsirostris G. 0. Sars. 
Drepanothiix dentata Euree. 
Camptocercus macrurw 0. F. MiiZZer. 
Eurycercus lamellatus 0.3. NiilZer. 
Scroperus harpae Baird. 
Alanopsis elongata G. 0. Bars. 
Lynceus costatus G. 0. Sars. 

,, guttatus G. 0. Sars. 
Graptoleberis testudinarias Pischer. 
Alonella esigua Lilljeborg. 

,, nuna Baird. 
Peracantha truncata, 0. F. NiiZler. 
Pleuroxus uncinatus Baird. 
Chydorus globosus Baird. 

,, sphaericus 0.3’. Miiller. 
,, barbatus G. S. Brady. 

Bythotrephes longimanus Leydig.  
Polyphemus pediculus Linnd. 
Leptodora kindti Focko. 

COPE PODA. 
Diaptomus gracilis G. 0. Sam. 
Cyclops albidus Jurine. 

,, bicolor G. 0. Sars. Cyclops distinctns Richard. 
,, fuscus Jurine. ,, serrnlatus Pischer. 
,, gigas CZaus. 
,, leuckarti Claws. 
,, robustus G. 0. S a m  
,, serrulatns Wscher. 
,, strenuus Fischer. 
,, abyssorurn C. 0. Sars. 
,, vicinus, UGanin. 

Boeckella triarticulata C. dl. Thornson. 
Calamcecia lucasi, gen. & sp. nov. 

OSTRACODA. 
Cypria ophthalmica Twine. 

Cyclocypris lsvis 0. P. Miiller. ., serena Kocli. 
Cypris fuscata Juriae. 

,, obliqua G, S. Erady. 
Notodromas monachus 0. F. MiiZZer. 
Herpetocypris reptans Baird. 
Cypridopsis vidua 0. F. Miiller. 
Candona caudida 0. 3. Jfuller. 

Newnhamia fenestrata King. 
,, exsculpta Pischar. Cypriuotus sarsi, sp. n. 
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ISOPODG 
Asellus aquaticus Gnnt? Paranthura nigrofuscata Lucas. 

AMPHIPODA. 
Gsmmarus pulex Ds Gser. Paracalliope fluviatilis 0. M. Thornson. 

Paracorophium excavatum Q. X. 
Tliomson. 

SCHIZOPODA. 
Tenagomysis novo-zealandie G. N. 

Tlionison. 

MACRURA. 
Xiphocaris curvirofitlis Heller. 

BRACHYUHA. 
Hymenosoma lscustris Chilton. 

The foregoing list of British species might have been con- 
siderably enlarged, but of many I do not possess accurate records 
and have therefore omitted them altogether. The disproportion, 
however, between the numbers of British Lake species and of 
species inhabiting similar places in New Zealand-so far as our 
present knowledge extends-does not need to be further dwelt 
upon. The disproportion is not, perhaps, greater than that found 
among vertebrate animals, both aquatic and terrestrial. To name, 
for example, only aquatic animals, it may be noted that while 
New Zealand possesses only one native Amphibian, Great Britain 
has eight ; and that while the freshwater fishes of Great Britain 
are very numerous, the number of New Zealand species is ex- 
tremely small. It is not, therefore, a t  all surprising to find that 
the freshwater Crustacea of New Zealand, as at present known, 
number only about one-third or one-fourth of the British species, 
and it seems scarcely likely that further research will materially 
alter these proportions. But it is noticeable that the great pre- 
ponderance of British species is confined to the Entomostraca; 
while of the higher Crustacea, which are very poorly represented 
in Great Britain, New Zealand possesses a considerable number. 

The lakes explored by Messrs. Lucas and Hodgkin were 
Waikare, Taupo, Rotoiti, Rot0 Aim, Waikaremoann, Wakatipn, 
and Manapouri. 

C L  A D O  c E R A .  

SIMOCEPHALUS GIBBOSUS G. 0. Saw. 
Sirnocephalus gibbosus Sars, On Freshwater Entomostraca from 

the Neighbourhood of Sydney (1896), p. 15, pl. ii. figs. 4-6. 
Numerous examples of this fine species were foynd in " nettings 

from among reeds a t  a depth of six feet," in Lakes Rotoiti and 
Waikare. 

SIMOCEPHALUS OBTUSATUS (Thomson). 
Duphitia obtusata Thomson, On New Zealand Entomostram, 
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Trans. & Proc. New Zealand Institute, vol. xi. (1878) p. 261, 
pl. xi. fig. E, 2, a-e ; G. 0. Sars, Freshwater Entomostraca of New 
Zealand, 1898, p. 10, pl. ii. 

A few specimens found in company with the preceding species 
in the Rotoiti gathering and in a similar netting from Waikare 
Lake. 

CERIOUAPHNIA OLOBOSA, sp. n. 
Yemale.  Outline as seen laterally subquadrangular, rounded ; 

the head separated from the rest of the body by a very deep 
cervical depression, much flattened in front and produced ventraUy 
into a rounded lobe the extremity of which is almost filled by the 
large eye ; hinder part of the body almost circular, with a large 
triangular, sharply pointed projection above the middle of the 
posterior margin (fig. 2) ; dorsal margin boldly arched, ventral 
also arched but less so than the dorsal ; seen ventrally the outline 
is broadly elliptical (fig. l),  greatest width in the middle and equal 
to about two-thirds of the length, anterior extremity forming a 
rounded protuberance which is nearly filled by the eye, posterior 
produced into a sharp triangular spine. Shell devoid of marginal 
hairs, and showing no surface-markings except a uniform clotting. 
The antennre and other appendages are of the usual form. Caudal 
lamina armed with a long, slender terminal claw (fig, 3), which is 
quite simple and destitute of marginal sets or pectinations ; 
posterior margin of the lamin8 bearing at the distal extremity a 
series of about eight slender spines. 

(Plate XLVIII. figs. 1-3.) 

Length .76 mm. 
Habitat. Rot0 Aim, in vertical nettings to a depth of 50 feet, 

in Taupo Lake at 450 feet, and in a netting among reeds in 
Waikare Lake-abundant in a11 these gatherings. 

It is interesting to note that all the three lakes in which this 
Ce:ioduphnia occurs lie, as Mr. Lucas tells me, on a single river, 
the Waikato. 

BOLWINA MERIDIONALIS G. 0. Sars. (Plate XLVIII. figs. 4, 5.) 
Bos A i a  meridiomcclis G. 0. Sars, Pacifische Plankton-Crustaceen 

(Zoolog. Jahrbiich. v. 1903) p. 631, Taf. 34. figs. 3 a-c. 
Professor Sars’s type specimens were taken in Wakatipu Lake, 

New Zealand, and it occurs in greater or less abundance in most 
of the lake gatherings. I have seen only females, nor did any 
males occur in the gatherings examined by Sars. 

C O P E  P O D  A. 

BOECKELLA TRIARTICULATA (G. M. Thomson). 
Boeckia triarticulata Thomson, Trans. & Proc. New Zealand 

Boeckella triarticulata G. 0. Sars, Freshwater Entomostraca of 
Institute, vol. xv. (1882) pl. vi. figs. 1-9. 

New Zealand, p. 49, pls. vii. & viii. 
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Boeckella propiizqua G. 0. Sam, Pacifische Plankton-Crustaceen 
(Zoologisch. Jahrbiich. v. 1903), p. 636, Taf. 35. figs. 10 u-h. 

This species seems to be the commonest of all the lacustrine 
Copepoda of New Zealand. It occurs abundantly in almost all 
the gatherings submitted to me. It has been fully figured and 
described by Professor 0. 0. Sars (Zoc. cit.) and by Mr. G. M. 
Thomson. Mr. Thomson’s specimens were found in a pond near 
Canterbury, and those described by Sars were raised artificially 
from mud collected in the same place. Those described by the 
latter author nncler the name “propinqua” differ only very 
slightly from the type species, chiefly in the greater length of the 
anterior antenns and in the build of the fifth pair of feet, more 
parbicularly in the males. But specimens referable to both forms 
occur intermixed in various New Zealand gatherings, and I think 
can scarcely be looked upon as distinct one from the other. Tlie 
propinpucc-form is generally the longer and more deeply pigmented, 
and I am disposed to think is really the fully developed condition 
of triarticzclata. 

The types of 13. propimqua were taken in a freshwater pond in 
D’Urville Island, New Zealand. 

Genus CALAMCECIA *, gen. nov. 

Body slender and elongated ; posterior angles of the metxsome 
in the female produced sharply backwards ; urosome of the female 
four-jointed, of the male five-jointed; caudal rami short and 
rather broad. Anterior antennz of the female composed of 
twenty-four joints ; posterior antenns two-branched, the outer 
branch six- (or seven?) jointed and equal in length to the inner 
branch. Mouth-organs as in I/mnocalumus, except that the 
anterior maxillipeds are destitute of strong terminal claws, being 
simply setiferous. Inner branches of the first four pairs of feet 
biarticulate, and, like the outer branches, bearing very long and 
delicate marginal setz. Fifth pair of feet in both sexes two- 
branched; in the female the penultimate joint of the three- 
jointed outsr branch is produced into a strong marginal spine, the 
inner branch is simply biarticulate : in the male (Plate XLIX. 
fig. 9) the terminal joint of the outer branch of the right foot 
forms a very long curved claw, the inner branch is simply bi- 
articulate ; the foot of the left side somewhat smaller, its outer 
branch short and club-shaped, inner branch elongated and 
composed of a single joint. 

This is more nearly allied to Linamoculamus than to any other 
described genus, but differs as regards the two-jointed inner rami 
of the swimming-feet and in the build of the fifth pair of feet in 
the male. 

CALAMCECIA LUCASI, sp. n. 
Femule. Seen dorsally the outline is very narrow and elongated 

(Plate XLIX. figs. 1-10,) 

* rciXapoo, a reed; & x Q w ,  I dwell. 
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(fig. 2), the greatest width of the cephalothorax scarcely equalling 
one-third of its length, a distinct cervical sinus in front ; urosome 
very narrow, and, including the caudal rami, less than half the 
length of the cephalothorax ; caiidal rami short, scarcely longer 
than the last abdominal segment, about twice as long as broad 
(fig. 10). Anterior antenna very long and slender (fig, 3), reaching 
as far as the extremities of the longest caudal seta, very sparingly 
setiferous ; the two branches of the posterior antennae (fig. 4) 
nearly equal in length, the median joints of the outer branch very 
small and indistinctly separate, three (or perhaps four) in number. 
Mandibles and maxillie of the usual calanoid type; anterior 
maxillipecls (fig. 5) very densely setiferous ; basal joint of the 
posterior maxillipeds produced distally into a short, blunt, digiti- 
form lobe ; second joint swollen, its inner margin rather strongly 
arcuate (fig. 6). Swimming-feet long and slender, the basal 
portion much elongated. Fifth pair bearing on the second joint 
of the outer branch a strong marginal spine which reaches as far 
as the apex of the last joint, this joint b a r s  one long terminal 
seta and two very short ones ; the inner branch is biarticulate and 
bears terminal sets similar to those of the outer branch (fig. 8). 
The ova are excessively large and very few in number-never 
more than four (fig. 1). 

&!ale. The anterior antennz of the male (fig. 3) are geniculated, 
but none of the joints is excessively enlarged or  tumid, neither 
are there any marginal serrations, though there are two not very 
conspicuous spines on the 13th and 14th joints. The foot of the 
fifth pair (fig. 9) on the right side has the outer branch ending in 
a very long flexuous spine, the inner branch short and simply 
biarticulate; the left foot has both branches simple and uni- 
articulate, the outer branch curved, eniarginate near the apex an& 
bearing a single terminal bristle, the inner branch much longer 
and simply setiferous at  the apex. 

Hubitat. Abundant in a netting taken among reeds in Lake 
Waikare and in a “vertical iiettiiig” up to 120 feet, Lake 
Rotoiti. 

I have much pleasure in naming this interesting species after 
Mr. Eeith Lucas, to whom I am indebted for the opportunity of 
examining the proceeds of his painstaking investigation of the 
New Zealand Lakes. 

Apart from its small size, this species proved unusually difficult 
of examination owing to the tenuity of its tissues and the very 
indistinct jointing of the various appendages, and I am by no 
means sure that the account I have given is in all cases entirely 
correct, as, for instance, in that of the swimming-feet, where some 
specimens seemed to show doubtful traces of three joints in the 
inner branches. 

Length, exclusive of tail-sets, *85 mm. 

CYCLOPS DISTINCTUS Jules Richard. 
Cyclops temuicomis var. distinctus Richard, Liste des CladocAres 

ot des Gopepodes d’eau donce observes en France (1887). 
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Cyclops distimctus Lilljeborg, Synopsis specierum huc usque in 
Suecia observatarum generis Cyclopis (1901). 

This species was found in most of the nettings. It is closely 
allied to C. albidus Jurine. So far as appears from Mr. Lucas’s 
collections, it seems to be the prevailing form of Cyclops in the 
New Zealand Lakes. 

CYCLOPS SERRULATUS Fischer. 
This common Northern species occurred, though only sparingly,. 

in several of the nettings ; but the serrulation of the caudal stylets 
is seldom so distinct,ly marked as in European specimens. 

0 S T R A C O D A .  

Genus NEWNHANIA King. 

Like il~otoclronias, except that the mandibular palp bears a 
sinall rudimentary branchial appendage the filaments of which 
are directed upwarcls, and that the posterior maxillre have two 
branchial filaments attached dbectly to  the limb and not arising 
from a clistinct plate : the shell profusely tuberculated over the 
whole surface. (Mr. King’s description of the genus is : ‘‘ eyes 
two, distinct, pedunculated, with a corresponcling tubercle on each 
valve : a boat-shaped plate on ventral margin.”) 

NEWNHAMIA FENESTRATA King *, (Plate XLVIIS. figs. 6-9 
and Plate L. figs. 1-13.) 

Newnhccmia fenestrata King, On Australian Entomostraca 
(Proc. Royal SOC. Van Diemen’s Land, vol. iii. pl. ix A. 1-12 ; 
Vlvra, Die Ostracoden vom Bismarck-Archipel (Archiv f.  Natur- 
gesch. 1901, p. 180, pl. viii. figs. 1-15). 

Female. Shell seen laterally broadly elliptical ; height equal to 
three-fourths of the length ; extremities rounded, subtruncate, 
the anterior rather the narrower of the two; clorsal margin 
feebly arcnate, ventral rectilinear in the middle, rounded off 
toward each extremity: seen from above (PI. L. fig. 2) the 
outline is ovate, broadly rouncled behind, tapering evenly from the 
middle to the acuminate anterior extremity ; greatest width equal 
to more than two-thirds of the length and situated behind the 
middle ; the greater part of the ventral surface occupied by two 
broad, sinuous flanges on the contact margins of the two valves, 
and by broad crescentic flattened plates stretching from these 
flanges nearly as far as the lateral margins of the shell; the 
flanges are smooth and longitudinally sulcate, but each lateral 
plate is beautifully ornamented with four rows of concentric 
parallel rows of rouncled tubercles (fig. 3) ; the general surface 

i+ “On Australian Entomostraca,” by the Rev. R. L. King, B.A. (Papers and 
Proceedings of thc Royal Society of Van Diemen’s Land, January 1%6). 
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of the shell is covered with closely-set and irregularly shaped 
rounded or pointed tubercles (figs. 1, 2, 3) : a prominent trans- 
parent tubercle in front of the middle and just within the dorsal 
margin, through which the darkly coloured eye is conspicuous. 
Colour dark grey. 

AJaZe. The shell of the male, seen dorsally (fig. 2), is more 
angular in outline, wiclest, near the rounded, subtruncate, posterior 
extremity, abruptly tapered in front. The two psirs of antenna 
are like those of A’otodromas monachus, the posterior pair with 
very slender apical joints (fig. 5) and with swiniming-seta reaching 
beyond the apices of the terminal uiigues ; the second joint bears 
at its distal extremity a long hair with a delicately bulbous 
base ; the terminal unguis in the male is minutely bipectinntr. 
Mandible-palp (fig. 6) bearing a minute branchial process which 
has a few (4 or 52) upward-pointing seta. The &-st pair of 
mnxillze (PI. XLVIII.  fig. 6) of the usual type and provided 
with a large branchial plate; second maxilla in the female 
(Pl. L. fig. 7 )  consisting of an expanded club-shaped lamina which 
bears a fringe of plumed set= at the clistal extremity and a simple 
fusiform palp near the base, between which and the apical fringe 
are two stout plumose branchial filaments : in the mule the maxilla 
of the second pair forni strong prehensile organs (figs. 8,9), differing 
somewhat on the two sides and destitute of branchial setze. The 
feet of the first pnir are of the usual type (fig. lo), but have an 
unusually long apical claw ; those of the second pair (fig. 11) bear 
two slender apical sets, one of which (the longer) is reflexed. 
Caudal rami (fig. 12) slender, with three slender, closely approxi- 
mated apical seta. The male sexual apparatus is of the usual 
type (PI. XLVIII.  figs. 8, 9) : a pair of simple, very promhient, 
subsphericnl, pedunculated eyes (Pl. L. fig. 13), which are deeply 
pigmented and have a colourless transparent cornea 

Hcditat. Aboutl a dozen examples of this species were taken in 
a netting among reeds in Lake Wailrare. Being preserved mostly 
in picric acicl, the shells have lost their mineral substance and 
become very thin and flexible, so that the normal char,wters are 
not easily ascertainecl- especially the distinctive sexual characters. 
I have no doubt, however, that this is the species described by the 
Rev. R. L. King (Zoc. cit.) ; but his figures are scarcely adequate, 
ant1 I have here given drawings, so far as my material would 
allow, of the more impoi.tant parts. As regards the shell, some 
allowance must be made for the softened, membranous condition. 
The slight differences between this species and iliotodromas seem, 
perhaps, scarcely to call for a separate generic name, but the teriri 
Netunhamia having been already proposed by Mr. King it may 
very properly be retained, at  any rate provisionally. 

[Since writing the foregoing description, I find t h a t  N. fenes- 
trata has been described and figured by VQvra in a paper-“ Die 
Ostracoden vom Bismarck-Archipel ” (Archiv f. Naturgesch 
1901). VBvra’s specimens were taken in the Island of Neu. 
Pommern. 

Length -77 mm. 

Mr. King’s specimens were from Tasmania.] 
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CYPRINOTUS SARSI, sp. n. 
Shell of the ferticcle, seen laterally (fig. 1), subreniform, highest 

near the middle, height equal to more than half the length ; 
anterior extremity narrower than the posterior, evenly rounded ; 
posterior wider, rounded of€’ below, sloping with a steep curve 
above; dorsal margin boldly arched, almost gibbous, highest in 
the middle, thence sloping rather steeply and almost in a right 
line toward the front and with a more gentle curve backwards ; 
ventral margin slightly sinuaterl in the middle. Seen from above 
(fig. 2) the outline is elongate-ovate, more than twice as long as 
broad, the greatest width in the middle ; lateral margins evenly 
curved, anterior extremity obtuse, posterior subacnminate. 
Surface of the shell smooth, rather densely clothed at  the anterior 
extremity with very fine, silky hairs, very sparingly hairy behind ; 
colonr creamy buff, profusely blotched or almost covered with 
pTtches of dark brown. The valves of the two sides are equal 
or nearly equal in size, without any overlapping dorsally 01- at the 
extremities ; the right valve is very feebly-almost imperceptibly 
-tuberculated round the postero-ventral angle. Length 1.4 mm. 
The swimming-set= of the posterior antennse (fig. 4) reach slightly 
beyond the apices of the claws ; caudal rami (fig. 10) very slender, 
bearing one very long and one short apical setu and two posterior 
marginal sets, both of which are closely approximated to the 
apex. 

The shell of the male (fig. 3) is smaller and higher in proportion 
t o  length than that of the female. The maxillze of both sides 
(figs. 6, 7) are strongly built, that of the right side bearing a 
very strong, falcate terminal claw, that of the left side a triangular 
plate which ends in a slightly hooked prominence ; copulative 
organs (fig. 11) and ejacdatory duct of the usual type. 

About eight specimens divided evenly 
between the two sexes : taken by netting on bottom in a depth 
of 5-25 feet-sandy, with patches of weeds.” 

So far as the soft parts of the animal are concerned, there is 
little or nothing to distinguish this species from Cyprinotzcs 
&tJ& G. 0. Sars, but the characters of the shell diff‘er in some 
important points. There is not the very steep posterior declivity 
of C. dcchli nor the marked convexity of the ventral margin: 
lnoreover, the valves of the two sides are nearly equal and the 
right valve is not raised dorsally above the level of the left, neither 
is there any tnberculation of the margins except perhaps a 
very indistinct appearance of it a t  the anterior extremity of the 
right valve. The New Zealand shells, as they reached me, were 
very thin and membranous in structure, but this was probably a 
consequence of their having been preserved in picric acid The 
specimens of Cypinotus dahli” on which Professor G. 0. Sars 
founded the species were raised by him in his laboratory from 

* G. 0. Sars, ‘‘ On some West-Australian Entomostraca raised from dried sand” 
(Archiv f. Mathem. og Natturvidenskab), 1896, p. S4, pl. iv. figs. 1-6. 

(Plate LI. figs. 1-11.) 

E ~ b i t a t .  Taupo Lake. 
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dried Australian sand, and I am much indebted to him for having 
kindly sent me specimens for the pnrpose of comparison. I have 
pleasure in naming the species in honour of Professor Sam 

EXPLANATIOK OF THE PLATES. 

PLATE SLVIII. 
Ceriodaphnia globosa, p. G96. 

Fig. 1. Female seen ventrally. X 84. 
2. Female seen fkom right side. X 84. 
3. Extremity of post-abdomen. X 240. 

4. Female seen from right side. X 90. 
6 .  Post-abdomen. X 24.0. 

Bosinina meridionalis, p. 696. 

Newnhamin fenestrata, p. 698. 
6. Maxillar lobes. X 24.0. 
7. Caudal rami with egg-masses and spermatic bundles. X 84. 
8. Ejaculatory duct of male. X 100. 
9. External copulatory organ of male. X 240. 

PLATE XLIX. 
CuZaincecin Zucnsi, p. G96. 

Fig. 1. 
2. 
3. 
4. 
5. 
6. 
7. 
8. 
9. 

10. 

Fig. 1. 
2. 
3. 
4. 

6. 
7. 

0. 

8,9. 
10. 
11. 
12. 
13. 

Fig. 1. 
2. 
3. 

Female seen from right side. X 88. 
Do. dorsally. X 8h.- 
Anterior antenna of male, distal portion. 
Posterior antenna. X 300. 

X 240. 

Anterior foot-jaw. X 2.10. 
Posterior foot-jaw. X 240. 
One of the swimming-feet. 
Foot of fifth pair of female. 
Fifth pair of feet of male. 
Furca. X 240. 

X 240. 
X 210. 

X 240. 

PLATZ L. 
NewnAamia fenestrata, p. 698. 

Do. do. from above. X 86. 
Outline of shell of male-from left side. 

Shell of female seen from below. X 84. 
Posterior antema of male. 
Apical joint of posterior anteiina ; fernalc. 
Mandible and palp. X 240. 
Second foot-jaw of female. 

Foot of first pair. X 200. 

Ci~udal ra inu~.  X 200. 
Eye. X 140. 

x 86. 

X 84. 
X 240. 

X 240. 
Do. male, right and left. X 240. 

Do. sxond pair. X 200. 

P L l T E  LI. 
Cyprinotus sarsi, p. 700. 

Outline of shell of female, from left side. X 4Q. 
Do. do. from above. X 40. 
110. of male. from left side. X 40. 

4. Posterior antenna. x 64. 
6 .  Mandible and palp. X 84. 
6. Second maxilla of right side (male). X.200. 
7. Do. preheiisile portion, left side. 
8. Foot of first pair. X 84. 
9. Last joint of second foot. X 84. 

10. Caudal ramus. X 84. 
11. Esternal copulatory organs. X 84. 

X 200. 
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5. Note on some Crustacea from the Freshwater Lakes of 
New Zealand. By CHARLES CHILTON, M.A., D.Sc., 
F.L.S., Professor of Biology, Canterbury College, New 
Zealand. 

[Received May 18,1906.1 

Dr. G. S. Brady has been good enough to submit to me the 
few Amphipoda and otlier higher Crustacea collected by Messrs. 
Lucas and Hoclgkin during their recent investigation of the 
principal lakes of New Zealand *. The first specimens reached 
me in November 1905 and were at once reported upon ; a few 
additional specimens were received in March 1906, and an examina- 
tion of these has necessitated some alteration of the general 
remarks a t  first made. It will be seen from the following list that 
the collections of the higher Crustacea were rather meagre and 
that all the specimens secured belong to species already known. 

For many years I have looked forward to making collections 
froin the freshwater lakes of New Zealnncl in the hope of finding 
there Crustacea allied to the blind forms inliabiting the under- 
ground waters of the Canterbury Plains, just as forins closely allied 
to European subterranean species are found in the deep waters 
of the Swiss Lakes. The Crustacea first sent me by Dr. Brady 
were, however, disappointing from this point of view, but among 
those lately received there are two specimens of the blind species 
Pffirffileptffimphopus subtermnew (Chilton), one specimen from 
Lake Wakatipu (depth not stated) in the South Island, and the 
other from Lake Taupo in the North Island, taken at  a depth of 
700 feet. This species is widely distributed in the underground 
waters of the Canterbury Plains, and has also been found in 
surface streams at Castle Hill in Canterbury a i d  in the Longwoocl 
Range in Southland, and its occurrence in the two lakes named 
still further widens its area of distribution. It is closely allied to 
Pffirffileptffinzphopus cctiruleus (G. M. Thornson), first described from 
a small stream a t  the top of the Old Man Range in Otxgo, at  a 
height of about 3000 feet, but since found to be, like its uncler- 
ground representative, more widely distributed. 

The next most interesting species is the little Isopod that I 
have identified as Pccrc6nthzWffi nigro-ptrnctatcc (Lucas). Though 
a surface form it is of particular interest, since it is the only 
known freshwater species of the Anthnriclze, and thus helps to 
throw some light on the origin of the subterranean species 
Cruregens fontanus, which belongs to the same family. Taken in 
connection with the recent discovery of a Caprellid in the Lake 
of Geneva, the occurrence of this Anthuricl in freshwater leads us 
to hope that other unexpectecl finds may be looked for on a 
further examination of the lakes. 

Two other species, ~encqonzys i s  novm-z'ecik6nc&k and Pccrffi- 
* <'A EatEiymetricaI Suney of' the Lakes of New Zealand," by Keith Lueas. 

Geogiaphicnl Journal, May & Jnne 1904. 
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corophizcve excawtum, were previously known only from salt or 
brackish water on the sea-coast. The little crab Hymnosoma 
lcccicstris was previously known to occur in New Zealand only in 
a small freshwater lake near the coast, but it has also been recorcled 
from streams in Victoria and in Korfolk Island. 

I n  the following list I have given only the most important 
references under each species. 

B R A C H Y U R A .  
HYMESOSOMA LACUSTRIS (Chilton). 
Elamencb (1) lfficustris Chilton, Trans. N. Z. Inst. xiv. p. 172. 
Hymenosoma lucustris Chilton, 1. c. xv. p. 69, pl. i. fig. 2. 
Bymenosoma lfficustris Fulton ck Grant, Proc. R. 8. Vict. xv. 

(new series) p. 60, pl. riii. 
One male and one female specimen from Lake Waikare, the 

male taken on the stony shore, the female in 5 feet of water. 
These resemble the typical speoimelis from Lake Pupuke 

Auckland, except that the posterior tooth of the carapace is quite 
absent and the anterior one forms a slight projection of the 
outline of the carapace rather than a d e h i t e  tooth. 

This species has been found in freshwater streams in Norfolk 
Islancl and in Luke Colac in Victoria. A full account of the 
slight rlifferences observed between the specimens from different 
localities will be found in the paper by Messrs. Fulton and Grant 
mentioned above. 

N A C R  u R A .  

XIPECOCARIS CURVIROSTRIS (Heller). 
c'ccridina curvirostris Heller, Voy. Novara, Crust. p. 105. 
Xphocaris jluviffitilis G. M. Thomson, Trans. Linn. SOC. viii. 

p. 447, pl. xxix. figs. 2 to 13. 
Numerous specimens from Lake Waikare, from nettings among 

reeds *. 
This species is common in freshwater streams throughout the 

main islands of the Colony; I have specimens also from the 
Chatliam Islands. 

S C  H I Z  O P  O D  A. 

TENAGOMYSIS NOVAZ-ZEALANDIAZ G. M. Thomson. 
Tenffigomysis ?tovce-ceula?zclice G. M. Thomson, Jonrn. Linn. 

SOC. xxvii. p. 484, pl. xxxiii. figs. 6 to 8 cb pl. xxxiv. figs. 9 to 17. 
Six bpecimens from Lake Waikare, in a netting from among 

reeds. 
This species has hitherto been known only from the sea-coast. 

Mr. Thonison records it from the Kaikorai lagoon (brackish water), 
estuary of Waikouaiti River, and rock-pools at Brighton-all 

* 111 the tube with this specimen was a single example of a terrestrial Isopod, 
Poreellio scaber Liltr., a11 introduced species which must have got among the 
collections from the lakes by Tome accident. 

PROC. ZQOL. 80c.-1906, No. XLVII.  47 
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near Dunedin, and from the Bay of Islands, dredged in 8 fathoms. 
1 have taken it near t.he mouth of a little stream at Brighton, 
in water which was at  the time : h o s t  fresh to the taste, though 
close to the sea and affected by extra high tides. 

A M P  H I P o D A .  

PARACALLIOPE FLWIATILIS (a. M. Thomson). 
Ccdliopeuefiuviatilis Q. M. Thomson, Trans. p3. Z .  Inst. xi. p. 240. 
Purucalliope$uviatiEis Stebbing, Ann. & Mag. N. H. ser. 7 ,  iv. 

Numerous specimens from Lake Waikare. 
This species is very common in all freshwater streams in New 

Zealand ; I have also taken it,in perfectly salt-w:iter in Duneclin 
Harbour and elsewhere. 

p. 210. 

PARALEPTAMPHOPUS SUBTERRANEUS (Chilton). 
Culliope subterrccnea Chilton, Trans. N. Z. hst .  xiv. p. 177. 
Culliopius subterrcvneus Chilton, Trans. Linn. SOC. ser. 2, Zool. 

vi. p. 234. 
Paruleptumphopus subterrcc~aeus Stebbing, Ann. & Mag. Nat. 

Hist. ser. 7, iv. p. 210. 
One imperfect specimen from Lake Wakat.ipu (no depth 

mentioned), and one from Lake Tapu, taken a t  a depth of 
700 feet. 

These are both blind, and do not dSer  appreciably from speci- 
mens from the underground waters of the Canterbury Plains. 
This same blind species has also been taken in surface streams at 
Castle Hill, Canterbury, a t  an elevation of 2000 feet a.bove the 
sea ; and more recently Mr. R. M. Laing has brought me specimens 
from the Longwood Range in Southland. The extension of its 
distribution as shown by its occurrence in Lakes Tapu and 
Wakatipu is very interesting. 

PARACOROPHIUM EXCAVATUM (G. M. Thomson). 
Corophium excavutum 0. M. Thomson, Trans. N. Z. Inst. xvi. 

p. 236. 
Paracorophiunt excnizatum, Stebbing, Ann. & Mag.jK’. H. ser. 7 ,  

iii. pp. 241 & 350. 
Several specimens from Lake Rotoiti, 5 fathoms, and Lake 

Waikare (netting among reeds). 
This species was described by Mr. Thomson from specimens 

obtained from “ Brighton Creek (salt-water).” I subsequently 
took it in Brighton Creek along with Teizugonywis notm-Eeulundice 
when the water wa.s almost fresh to the taste, arid specimens lived 
in a small bottle of this water for some months. 3: have specimens 
also from brackish water a t  Napier. 

It thus appears probable that the last three species are all 
cibpable of Jiving in fresh or in salt water ; and the occurrence of 
Paracorophiurn excavatum in freshwater lakes far from the sea 
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is very interesting. I do not know of any other freshwater 
Corophiidre. 

I s  o P o D A. 

PARANTEURA NIGRO-PUNCTATA (Lucns). 
Parawtkura eostancc Thomson, Tmns. N. Z.  Inst. xiv. p. 230 ; 

Index Fauna N. Z.  p. 262. 
Paralzthecrffi gzigvo-pzmetffita Stebbing & Norman, n-ans. Zool. 

SOC. xii. p. 129, pl. xxvi. fig. 11. 
A small specimen, about 6 mm. long, from Waikare Lake, taken 

a t  a depth of 5 feet, mufit, I think, be referred to the species found 
on the New Zealand coast, which was long ago identified with this 
European species by Mr. Thomson. The specimen is immature, 
the seventh segment of the pereion being small and lacking 
appendages. It possesses large distinct black eyes, the colour is 
pale yellow with markings of black on the back, and it is evidently 
a surface form. Another specimen from the same locality was 
dissected and drawn by Dr. Brady, who kindly sent me the 
drawings he had made. 

So far as I am aware, this is the only freshwater species of the 
Anthurida known, with the exception of the subterranean form 
Cruregeizs fontanus from the underground waters of the Canter- 
bury Plains, and it is of especial interest for this reason, though it 
is quite distinct from Cruregems fontmaus. 

The species to  which I have referred it, Pcuralzthurcc nigro- 
pwactata, was first taken by Mr. Thomson among some seaweed 
washed up on the beach near the mouth of the Taieri River ; I 
have several specimens taken at different localities on the East 
Const of Canteybury, which agree closely with the description and 
figures given by Stebbing and Norman. 

6. On the Marine Fauna of the Cape Verde Islands, from Col- 
lections made in  1904 by Mr. C. Crossland.-The Polyclad 
Turbellaria. By F. P. LAIDLAW, M.A. Cantab. 

[Received June 8,1906.1 

(Plate LII.* and Text-figures 111-113.) 

CONTENTS. 
i.  Introduction : p.705. 

ii. Notes on the Specimeus in Mr. Crossland’s Collection : p. 706. 
iii. Literature: p. 718. 

i. INTRODUCTION. 
The collection of Polyclads made by Mr. Crossland is of interest 

not only on account of the hitherto unclescribed species represented 
in it, but also because it is the first collection which makes it 

* For explanation of the Plate, see p. 719. 
47* 
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possible to form any idea RS to the characters of the Polyclad 
fauna of the warmer waters of the Eastern part of the Atlantic. 

Its close general resemblance to the Mediterranean fauna is 
obvious. Compared with that of the Western Atlantic, so far as 
this has been made known to us through the researches of Verrill 
[1888], it need only be mid that the two areas, the Cape Verde 
Islands on the one hand and the New England Coast on the other, 
do not appear to have a single species in common. When con- 
trasted with the fauna of our own coasts, it is evident that there 
is a limit to the northward extension of many of the species 
charactelistic of the Mediterranean and warmer parts of the 
Atlantic. Thus Prosthiostomzcm siphzclzczclus occurs on the Jersey 
coast, but has never been recorded from the northern shores of 
the Channel. But at  the same time our Polyclad fauna must 
no6 be regarded as being merely an impoverished ‘ Lusitanian ’ 
type, there is some evidence that it includes also ‘ Boreal ’ species 
which find in British seas the southern limit of their range. For 
example, Cnjptocelides loveni has been taken in  the Clyde area, but 
has not been found further south than this (I am strongly inclined 
to believe that the locality given for a specimen in the British 
Museum, namely Port Phillip, is a mistake). 

Bo that it will, I believe, in the future be possible to recognise 
faunistic areas in  the Atlantic for Turbellaria just as such areas 
have already beeu delimited for Mollusca. 

The absence of any species of Pseudoeeros, and the presence of 
several members of the Euryleptida in a collection containing 
some sixteen species, at once marks a striking contrast with any 
series of specimens I have had the opportunity of examining from 
the Indian Ocean, though perhaps further collecting may serve 
to decrease the distinction. 

ii. NOTES ON TEE SPECIMENS IN THE COLLECTION. 
Notes supplied to me by Mr. Crossland on his material are here 

Numbers in Square brackets 
Numbers between curved brackets 

printed between inverted commas. 
give reference to literature. 
( ) refer to Mr. Crossland’s register of specimens. 

PLANOCERIDB,. 
PLANOCERA QRAFFII Lang. 
Plclnooera papi h n g ,  Naples Monograph xi., Polycladen, 1885, 

Three specimens. (15-17.) 
“Translucent brown with sparse reticulum of darker, more 

opaque lines. Outline very wavy during the ~ c t  of crawling ; the 
animal uws muscular action in progression and extends and 
&aches a small part of the margin of the front of the body, then 
hauling itself along by this. It reminds one somewhat of an 
octopus when crawling.” 

p. 434. 
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Dredged 1 fathom, Boa Vista. 
This specimen is 25 mm. long and 18 mm. broad ; much smaller 

than the Mediterranean specimen described by Lang, which had a 
length of 65 mm. and a breadth of 40 mm. Except for the 
difference in size, however, I can find no character which will serve 
to distinguish Mr. Crossland’s specimen from the type. 

Two smaller specimens found a t  St. Vincent at low tide (17) are 
to be referred here. They are about 5-6 mm. long and, unlike 
the Boa Vista specimen, quite immature sexually. 

(15.) 

STYLOCHIDI. 

STYLOCHUS NEAPOLITANUS (Delle Chiaje) ? 
Xtylochus neapolitanus Lang [1884] pp. 447-449, Taf. i. fig. 7. 
(9.) “ From the bottoms of lighters ; in crevices of compound 

ascidians ; or in empty lamellibrrtnch shells. Large and thick, and 
though soft, stiff when alive. The specimens differed in colour. 
Of two (dated 30-7-04) the larger is uniformly of a dull brown, 
under a lens appearing as dull pink with small grey spots ; the 
smaller specimen is brighter, light orange with large grey spots. 
Of three specimens found together (dated 17-8-04) one is bright 
orange in colour, the others brown. I n  all cases the tentacles are 
dark grey and the ventral surface white.” 

The largest specimen is about 35 mm. long. 
I have some doubts as to whether this species is really identical 

with the Mediterranean S. neapolitanus. The species of this 
genus are difficult to diagnose in a satisfactory manner, and their 
structure does not vary in such a way as to facilitate the 
description and ready recognition of species. Consequently I 
think it best to record these Cape Verde Is. specimens under this 
name. They certainly resemble the typical S. neapolitunus very 
closely and are nearly related to it. 

LEPTOPLANIDI. 
STYLOCHOPLANA (2) SARQASSICOLA von Graff. 
Stylochoplana sargassicola v. Graff [1892] pp. 207-213, Taf. ix. 

‘‘ Two specimens, Boa Vista. Dredged in 1 fathom of water.” 

A widely distributed species, differing to a considerable extent 

figs. 1-5. 

(15. W. 4.) 

from other forms referred to this genus. 

LEPTOPLANA ALCINOI Schmidt. 
Leptoplana ulcinoi Lang [1884 pp. 486-489, Taf. iii. figs. 2-5 
Several specimens which appear to belong to this species “ from 

amongst nodules of nullipore dredged in from 5-10 fathoms,” 
with Oligocladus sangwinolentus. (2. W. 2.) 
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LEPTOPLANA PALLIDA (Quatrefages). 
Leptopluna pullida Lang [1884] pp. 459-492, Taf. iv. figs. 2-3. 
One specimen “ from a bucketful of the incrustations of rocks 

The specimen is about 15 mm. long and has the uteri crowded 

LEPTOPLAXA CRAFFII, sp. n. 
‘‘ Found amongst nodules of nnllipores drcdged in from 5-10 

fathoms. Ribbon-like and a strong swimmer. Light colour, 0111~ a 
broad sandy longitnclinal mark centrally and ramifying lines. 
Contracted on killing.” (3.) 

exposed to surf.’’ 

with eggs. 

Port Sal Rei, Boa Vista Is. (W. 9.) 

(Text-fig. 11 1 .) 

Leptoplana grafi i .  X 6 .  

This species, represented by a single specimen, has t~ body 
relatively longer and narrower than is found in any other 
Leptoplnn u. 

Length 25 mm. 
Breadth 3.5 mm. 
Brain 
Buccal opening 8 mm. behind the brain. 
3 aperture 

3 mm. behind the anterior margin. 

6 mm. behind the buccal opening. 
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The eye-spots have the arrangement which is typical for the 
genus. There are a pair of tentacle eye-groups, one on either side 
of the brain, each consisting of four or five large eye-spots. I n  
front of these on either side are a very few (seven or  eight) 
smaller eyes. 

The musculature of the dorsal body-wall is unusually well 
tleveloped, especially the oblique inner layer. The dorsi-ventral 
fibres also are unusually abundant and of large size, 

The short blunt muscular penis projects downwards and a little 
hnckwards into the antrum masculinum. It has no stylet. 
From it the muscular ductus ejaculatorills runs forward, 
rapidly widening to form a prostatic compartment whose walls are 
lined with a secretory epithelium, but are not chambered. From 
the anterior end of this chamber the duct runs forward again 
as a narrow muscular tube, again soon widening to form a 
vesiculn seminalis, which receives at its anterior end the vam 
rleferentia. The prostate and vesicle are not so clearly segmented 
off from each other as in most species of Leptoplana; in fact with 
the conducting part they form a nearly straight tube whose walls, 
surrounded throughout their ent8ire length by circular muscle- 
fibres, vary somewhat in thickness ; being thickest in those parts of 
the tube where the lumen is greatest, that is to say in the prostate 
and in the vesicnla seminalis. 

The antrum femininum, opening close behind the antrum 
masculinurn, passes dorsally into a narrow duct which receives the 
secretions of the shell-glands, and then, turning backwards, opens 
after a short course into a large accessory vesicle lined with a 
vncuolated secretory epithelium. This vesicle contains in the 
present specimen a quantity of spermatozoa. Just before it opens 
into the accessory vesicle the vaginal duct is joined on its ventral 
side by the common termination of the uteri. 

The shell-glands are very large, disposed in a dorsal and ventral 
lnyer on either side of the middle line, converging on the sides of 
the vagina. 

Leptoplc6na grufii may be defined as a Leptoplana with u very 
elongc~ted body. Penis without u stylet ; proetafe unchumbered, 
mocleratel?y distinct. Aietrtcnz. ferniminum non-rnusculur ; u large 
spherical accessory vesicle present. 

They extend outward to the margins of the body. 

ZYGA~TROPLANA, gen. nov. 

ZYGANTROPLANA VERRILLI, sp. n. 
Two specimens. St. Vincent Harbour. (6.) 
’‘ Amonpt weed collected by a diver in 1 or 2 fathoms. 
‘‘ Oval with a much waved margin. General colour brown, with 

broad, nearly colourless margin, the edge itself with a light red- 
brown tinge. Under side colourless.” 

(Plate LII. figs. 1 & 2.) 

Length 7 mm. ; breadth 4 mm. 
The eye-spots are arranged in two rows convex inwards, lying 

This organ is a t  the sides and in front of the level of the brain. 
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situated a t  about a fifth of the total body-length from the anterior 
margin. The pharyngeal opening is subcentral, and the phwyllx 
is fairly large and similar to that of Leptopkcna in appearance 
(see text-fig. 11 1, p. 708). 

The gut-branches are numerous. 
The male and female genital ducts open together into a small 

antrum at the extreme hind end of the body. 
The epiilerfiis contains no rhabdites, but many of the cells 

composing it resemble in appearance goblet-cells, and are no doubt 
concerned in the production and excretion of mucus or pseudo- 
rhnbdites. The preservation of the epidermis is unfortunately 
not good. 

The basement membrane is readily distinguishable in the 
sections. Under it lie first a layer of longitudinal muscle-fibres, 
within these are circulxr and diagonal fibres not differentiated into 
separate strata, and lastly, on the ventral side only, an inner 
lon itudinal layer. 

1 s  is the case in many other PoIyclads, the main p t  is clearly 
marked off from the branches by the fact that in Its walls are 
present large numbers of unicellulai- glands which are not present 
elsewhere in the alimentary tract. 

The main features of the anatomy of this species are shown 
diagrammatically in fig. 2 of Plate LII. 

J h l e  apparutzcs.-The vasa deferentia unite below about the 
hinder end of the large female accessory vesicle to form a single 
rather convoluted duct, which runs backwards through a special 
sheath or casing of tissue which appears to be prostatic in character. 
I n  this part of its course the ductus ejaculatorius has a very thin 
wall. As it approaches the antrum the wall becomes thicker, and 
at  the same time the tissue surrounding i t  takes on gradually a 
definite muscular character. Finally the duct opens a t  the apex of 
a small, conical, muscular penis which projects into the antrum 
immediately below the termination of the vagina (PI. LII. fig. 2, d ). 

It will be most convenient to describe the female apparatus by 
following its course in the opposite direction, that is to say 
forwards. The vagina is a simple non-muscular tube which 
1 eceives the secretion of the shell-glands near its termination and 
runs forwards, lying at  first above the sheath of the ductus 
ejaculntorius. It passes beyond this for some distance, nearly as 
ERI' as the hinder level of the pharynx, there turning first upwards 
and then backwards, it opens at  once into a large accessory vesicle. 
Just before this it receives the common opening of the two uteri. 
Beyond the point where the shell-glands lie, the vagina is sur- 
rounded along its whole course by unicellular glands which form as 
i t  were a second outer layer of the wall of the duct. 

The accessory vesicle is large, non-muscular, with glandular 
walls. It extends backwards nearly as far as the antrum, and is 
distended with a granular secretion to such an extent that it 
presses on and nearly occludes the lumen of the vagina when that 
lies below it. 
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The uteri are crowded with eggs (P1. LII. fig. 1, '26t.). 
The ovaries lie dorsally to the gut-branches and to some extent 

between them, whilst the testes are on the ventral side. 
The affinities of the genus are doubtful, but seem to me to be 

most probably with the Leptoplanids, though perhaps some 
affinity with Stylochocestus may be suggested. 

Zygantroplancr, may be defined as follows :- 
Am Acotylean genus in which the body is of c ~ n  elongate-ovcd 

shape, without tentacles. The terminal gervital ducts open into a 
small common antrum situated at the extreme hinder end of the 
body. Penis small, without stylet, no &?mite prostate gland. 
Pharynx subcentral. No marginal eye-groups. 

The species bears some resemblance to Leptoplana angustu 
Verrill [1888] pp. 485-486, pl. xl. fig. 8, pl. xliv. figs. 2 , 2  a, 3, but 
the latter has, according to Verrill's figure, more distinct traces of a 
tentacle eye-group. L. angusta may perhaps prove to be congeneric 
with the present species. 

LATOCESTIDB. 
LATOCESTUS PLEFINI, sp. n. 
Several specimens " found in deep crevices of nullipore, or in 

shells, never in the open. The worm will crawl out of its hiding- 
place at  night if kept in a basin of sea-water, and will even leave 
the water and reach out over the edge of the basin, holding the 
anterior half of its body horizontally in the air. 

(Text-fig. 112.) 

Text-fig. 11 2. 

Latocesksplelmi, anterior end. X 9. 

" Uniformly opaque and rather dark brown in colonr. Central 
The margins are kept applied to surface on which line darker. 
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the animal is crawling. It is about 2 inches long but narrow, and 
contracts considerably when killed. I n  appearance it reminds one 
of a horse-leech, but never swims. It is common everywhere 
where suitable crannies in the rocks occur.” 

The arrangement of the eye-spots at  the anterior end of the 
body is shown in text-fig. 112 (p. 711.) The marginal spots form a 
continuous series round the body. This complete ring of eye-spots 
serves at once to distinguish the present species from the type of 
the genus, L. utlunticus Plehn [1896], which is recorded from the 
same neighbourhood. I n  fact L. plehni resembles much more 
closely L. urgus from the Straits of Malacca. I n  respect to the 
structure and arrangement of the internal organs of the body, 
L. plehni shows no noteworthy departure from that found in the 
typical species of the genus. 

CESTOPLANIDX. 
CESTOPLANA RUBROCINCTA (Grube). 
Cestoplancc rubrocincta Lang [1884] pp. 516-520, Taf. ii. fig. 5. 
“ Under stones a t  low tide, Boa Vesta. 
“ Very contractile.” (3.) 
A small specimen 30 mm. long, 3 mm. broad. 

ANONYMIDE. 
ANONYMUS VIRILIS Lang (2). 
Altoltylmz~s virilis Lang [1884] pp. 522-523, Taf. ii. fig. 4. 
Dredged amongst nullipores, 3 and 10 fathoms. St. Vincent 

Harbour. (8. W. 3.) 
“Pink or brownish pink with a white transparent border. 

Under a simple lens the central part of the body shows a network 
of broken light-brown lines, the main lines being radial. Marginal 
eyes extend half way down the sides of the body (at least). General 
texture thick and soft, shape broadly oval, margin wavy when 
crawling.” 

Unfoi-tunately this interesting species is evidently a most 
difficult creature to preserve satisfactorily. All Mr. Crossland’s 
specimens are coated thickly with foreign particles felted together 
by the copious epidermal discharge. I n  the second place, they 
are all extremely contorted, and any attempt to flatten them for 
examination results in the breaking of the soft body. TWO 
specimens are already broken into fragments in the bottle. Hence 
I give only an incomplete account of them here. The larger 
specimens are about 12 mm. long and 7 mm. wide. I n  colour, 
distribution of the eye-spots, and arrangement of the penes (of 
which there are ten or eleven pairs) they resemble closely Lang’s 

Sections were cut of a specimen which has the body crowded 
with large eggs, and contains spermatozoa in the g L  Samenblase ” 
of the penial structures, although the numerous testes have not 
reached a condition of maturity. 

(Plate LTI. fig. 3.) 

type. 
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The structure of the penes and other organs of the body, such 
as the musculature, shows a complete agreement with that found 
by Lang in his specimens. A difference is, however, to be met 
with in the case of the epidermal structures. 

Lang has described nematocysts or  needle-like bodies of four 
types, grouped in batteries, occurring in the dorsal epithelium. 

I n  a young specimen which I have examined I could find no 
structures of this type. In  sections of the more mature specimen 
referred to above are spindle-shaped bodies, each of which has 
discharged a thread from its outer end, lying in batteries on the 
dorsal surface (Pl. LIL fig. 3 , f ) .  These are perhaps to be referred 
toLang’s fourth type (“ Freie nadeln, an welchen ein Faden spiralig 
aufgerollt ist ”). Both the spindle and the thread dischargedfroni it 
are deeply stained. A number of undischarged neeclle- or spindle- 
shaped bodies occiir in the parenchyma, but I have not been able 
to see any spiral thread inside these. These are the only nematocyst- 
like orgms that I have been able to find in my specimens. As, 
however, they agree very closely in all other respects with the type 
of A .  virilis, I have not ventured to give them a distinct name. 

PSEUDOCERIDB. 

THYSANOZOOR BROCCHII (Risso) var. CRUCIATUM ? 
Thysmtozoon brocch,ii Lang [1884] pp. 525-536, Taf. vi. figs. 3 , 4  ; 

von Stummer-Traiinfels [1895] p. 161. 
Several specimens, “from under stones at  low tide at  St. Vincent 

and at  Porto Praya.” (1. W. 7.) 
“Drab-yellow with dark grey markings. There may be very little 

yellow and the general colour becomes a dark grey. Generally, 
but not in a l l  the specimens, there is a narrow longitudinal white 
stripe and R broader transverse one at  about & of the length of the 
body from the anterioiu end.” 

The specimens vary in size from about 8 to 16 mm. 

EURYLEPTIDB. 

CYCLOPORUS PAPILLOSUS Lang. 
Cycloporus papilloszss Lang [1884] pp. 568-571, Taf. vi. figs. 1 , 2 ,  

Taf. viii. fig. 5. - 
Under stones a t  low tide, Porto Praya. 
Small, rather rectangular in shape ; margin colourless, nearly 

The hinder edge of the body is carried folded into a 

This specimen is without papillse, and in all probability is to be 

Hallez has described a second species of the genus. 
The examination of a large series of specimens referable to this 

genus from the various localities in which it occurs would in all 
probability reveal the existence of several recognisable races. 

(11.) 

transparent. 
bag dorsftlly. 

referred to Lang’s var. la ’V1 ‘g alzss. 
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PROSTHECERZEB RUBROPUNCTATUS Lang. 
Prosthecerceus rtibropzmctatus Lang [1884] p. 562, Taf. vii. fig. 5 .  
“ From the bottoms of lighters, along with StyZochics.” 
‘‘ A very beautiful species.” 
Four specimens, one of them very young. 
Length of larger individuals about 13-14 inm. ; breadth 6.7 mm. 
OLIBOCLADUS SANOUISOLEBTUS (Qnatrefages). 

(12.) 

Oligocbdscs sctnguinolsntus Lang [1884] pp. 580-582, Taf. viii. 
fig. 7. 

“ From amongst nodules of nullipores (Lithothammion) 

A number of specimens. (2. W. 7.) 
dredged in St. Vincent Harhour, 5-10 fathoms.” 

PROSTEIIOSTOJIIDB. 

YROSTAIOBTOMUM DOEIRNII Lniig. 
Prosthiostomurn dohrnii Lang [1884] pp. 601-603, Taf. P. fig. 2. 
Several specimens. (4.) “ Amongst nullipores at  low tide, and 

at  10 fathoms, St. Vincent.” Ribbon-like, of a translucent 
yellowish coloiii-, witli clistinct round spots of :I darker tint on 
the dorsal surface, most numerous inedianly. About 2 inches long 
when fully expanrlecl. 

pROSTHIOSTOMUM Sp. 
One specimen “from nullipore of Bird Rock, St. Vincent, 

Harbour. It is remarkable that so delicate a creature should live 
in a place exposed to the whole force of the Atlantic rollers.” 
(W. 13.) 

It has the 
terminal male apparatus cleveloperl and the vesicula seminalis full 
of spermatozoa. There is no appearance of ova, though the 
position of the female aperture is indicated by the clearly visible 
shell-glands. There are very few rather large eye-spots over 
the brain, and some smaller marginal ones arranged very much 
as in the young specimens of P. siphunct~lus figured by Lang. 
Perhaps this bpecimen should be referred to that species, but ah 

I have neither seen any mature specimens of P. siphwiculus from 
this locidity, nor have any intermediate stages of I-’. dohrni 
with which to compare it, I think it best to leave it without a 
definitive name. 

DIPOSTHIIDB. 

The specimen is very small, only 7.5 mm. long. 

TRAUXFELSIA ELOFGATA, sp. n. 

“ From sandy shore among weed. 
‘ I  Vermiform, thin, flattened ; about lf inches long by lli; inch 

broad, but can contract to half this length. Resemblance to a 
worm enhanced by the presence of a pair of slender tentacles 
carried a t  right angles to  the body. Grotind-colour wliite, but, 

(Plate LII. figs. 4-5 and Text- 
fig. 113.) 
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except at the margins, this is largely hidden by granular markings 
of a sandy colour.” (5.)  

Text-fig. 113. 

Sketch of anatomy of Baunfeelda elonga<a. X 12. 
br., brain ; c, sucker; gl. ,  glandular organs; ph., pharynx; pr., prostatic orgrtll; 

6, male aperture; 9 , female aperture. 

A very remarkable new species. 
The preserved specimens have a length of about 12 mm. and LL 

breadth roughly of 1 mm. The anterior extremity is rounded 
and has lying along either margin for about a millimetre a row 
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of some 20 eye-spots (see text-fig. 113, p. 715). Almost a t  the 
extreme anterior extremity there projects outwards on either side 
a fine tentacle-like process devoid of eye-spots, and evidently very 
contractile, varying much in length in the different individuals 
preserved. 

The brain (by.) lies about half a millimetre behind the anterior 
extremity, over it lie a few eye-spots. The pharynx opening is 
near the middle of the ventral surface; the pharynx is rather 
elongate and convoluted. The genital apertures lie close toFether 
in the mirldle line, the female behind the male, about n, millimetre 
and a half behind the pharyngeal aperture. At  the extreme hinder 
extremity of the ventral surface is a sucker-like organ (c ) .  

The cells forming the epidermis are rather flattened and show 
no rhabclites ; some of them contain irregular thread-like 
secretions. The cells at  the margin of the body are more 
columnar than those on the dorsal or ventral surfxes. The 
ventral cilia are three times as long as  the dorsal. 

The muscles of the body-wall consist of an outer, longituclinal 
layer, and of an inner, circular layer, both feebly developed : on 
the ventral side there is a second longitudinal layer internal to 
the circular fibres, well developed, and occupying nearly one- 
fourth of the total thickness of the body. 

G?Lt.-The main-gut extends from just behind the brain to the 
hinder end of the body, and gives off numerous lateral branches ; a 
branch also passes forward over the brain. 

Structurally the branches are distinguished from the main-gut 
by the fact that in them the large gland-cells, which, from their 
deep staining, are very conspicuous, are scarce or as a rule absent, 
whilst in the main-gut they are very abundant. 

Genitccl ffippccrffitus.-The testes and ovaries both lie dorsal to 
the gut-branches, though sometimes the ovaries extend down 
between them. I n  the specimen sectionised both testes and 
ovaries are mature, and, as in other Polyclads, very numerous. 

The contorted ends of the vasa deferentia run forwards and 
inwards to open together into the base of the penis. This is a 
conical organ which projects backwards into a small cavity, the 
antrum masculinum. This organ is not muscular, but consists of 
a spongy mass of tissue through which the duct runs to open at 
its apex. The projecting part of the penis is lined with nn 
epithelium continuous with the lining of the antrum. This latter 
opens into a small depression o r  cup on the ventral surface, and 
on either side of it is the opening of a very remarkable diict 
leading from a compound racemose gland of a type quite unlike 
anything I have met with in other Polyclads. These ducts are 
lined with columnar ciliated cells ; they run upwards and ontwartls 
on either side of the penis in a transverse plane, and each 
terminates by branching into a number of small chambers. These 
are themselves lined with coluninar epithelium of the same type 
as the ducts, but that forming the roof of each chamber projects 
more into the lumen of that chamber than does the epithelium of 
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t,he walls. Consequently each chamber-cavity is in section rather 
crescentic, with the horns of the crescent directed upwards. Each 
is connected with the terminal duct by a well-defined stalk or 
‘neck.’ On either side there are some fifteen or so of these 
chambers. 

Lying over every one of these is a deeply-staining glomerulus- 
like niitbs of cells, each glomerulus having an oval or nearly 
circular outline in section and consisting of a central mass of 
cells foi-ming a core, and lying round these an irregular scanty 
layer serving as a capsule. The cells of the central core-mass in 
one or two cases are wedged a t  its lower end in amongst the cells 
of the roof of the small chamber lying immediately below them ; 
in other cases there seems to be a very minute channel lending 
from the centre of the core into the chamber, but this if it exists 
is so small that I cannot consider it satisfactorily demonstrated. 
The cells which make up the core have abundant protoplasm, which 
stains rather deeply and is very finely granular. Some few of 
these cells are larger than the others, more deeply stained, and 
pyriform. 

Lastly, in the same transverse plane as the two ducts described 
above, but in the middle line, the lumen of another conical or 
pyriform orgm opens into the ventral depression, behind the 
penis, directed forwards in this case and armed with n short 
cylindrical stylet. At  the hinder end of this organ, which must 
be regarded as an intromittent prostate, its lumen ends blindly. 
The outer wall is muscular, the fibre being almost entirely 
circular; and between the muscular wall and the lumen lies 
prostntic tissue crowded with rather large feebly staining granules. 
So that the complicated male terminal apparatus consists of 
(1) a penis into whose lumen the vma deferentia open ; (2) a pair 
of problematic compound ducts lying on either side of the penis ; 
(3) an intromit>tent prostate lying behind the penis. 

Scarcely less elaborate are the terminal pdrts of the female 
organs. The vagina opening in the middle line, close behilld the 
depression in which the outlet of male organs lies, runs at  first 
upwards and forwards surrounded by numerous shell-glands. 111 
this p~rt of its course it is widened transversely and has a muscL1- 
lature but feebly developed. Soon the vagina turns backwarcls, at  
the same time becoming narrow and cylindrical, so that the 
circular muscle coat is relatively, if not actually, thicker. At a 
level behind its opening to the exterior this part of the vagina 
receives the terminations of the two uteri, which run nearly 
transversely from withont inwards to join it. Behind this it 
widens again immediately t o  form a spherical accessory vesicle 
whose non-muscular walls consist of a single layer of cubical non- 
ciliated epithelium. 

The uteri pass outwards and a little forwards from the vagina, 
nntil they reach a point on either side well to the outside of the 
main-gut and at  a lower level, where each turns backwards and 
runs longitudinally. I n  this longitudinal part of their cozlrse 

This vesicle contains spermatozoa. 
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each bears some five sessile spherical vesicles, which are non-’ 
muscular. The cells lining the walls of these vesicles project 
inwards, so that the vesicle is almost entirely filled up with a 
reticulum of protoplasmic material which contains numerous well- 
defined vacuoles ; in these coils of spermatozoa lie, and in two cases 
sperm-coils ape seen passing between the uterus and a vesicle. 

Traunfelsia is altogether a remarkable form, but undoubtedly 
is most closely allied to  Diposthus. Special features to which 
attention should be directed are, the presence of marginal tentacles 
combined with very elongated body; the remarkable pair of 
compound glands developed in connection with the terminal parts 
of the male ducts ; and, thirdly, the coexistence of an accessory 
vesicle opening on the vagina with uterine glands along the course 
of the uteri. 

The genus shows affinities to Diposthzcs in the central position 
of the pharynx and in the structure of the genital glands, 
particularly in the possession of an intromittent muscular pro- 
static oygan. It bears to Diposthus much the same relationship 
as Disparoplana does to Planocera, and should perhaps be made 
the type of a subfamily of the Diposthiidae. 

The genus TrauiaJebia may be defined as follows :- 
A genus of the Diposthiidm of a very elongated form. A pair 

of marginal tei&&s present which bear no eye-spots. Eye-pots 
lie on She anterior margin m d  over the brain. pharynx subcmtrd. 
Testes and ovaries dorsal. In addition to thepmS and in$rmG&mt 
prostate which lies behind it, there is ccpuir of glanddar structures 
opening on  the ventral swfme on either sids of the pemiccl apertwe. 
.Female appwratus provided both with clocessory veaicle and with 
uterine vesicles. 
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EXPLANATION OF PLATE LII. 
Fig. 1. Zy,gantropZa?La uerrilli, sp. n. : p. 709. Appearance of a specimen cleared 

2. Longitudinal section of the same (diagrammatic), 
3. Group of nematocyst-like structures from the dorsal epidermis of aspecimen 

4. Tramverso section across the body of Traunfelsia elongata (p. 714) at the 

6 .  One of the acccssory male glands more highly magnified. 

in cedar-wood oil. 

of Anonymzcs virilis (7) : p. 712. 

level of the penis and accessory male glands (diagrammatic). 

X c. 15. 

X 500. 

x 50. 
x 460. 

Explanation of  lettering of the Figures. 
acc.ves., accessory vesicle. gl., accessory male gland. 

a.m., antrum masculiunm. ~ glom., glomerulus. 
ant., antrum. I nem., nematocysts. 

al., alveolus of gland. 
b m . ,  baseinent-membraiie. ov., ovary. 
br., brain. ~ ph., pharynx. 

cup., capsular cells. 
d., duct. te . ,  testis. 
d.’, duct epithelium. I zct., uterus. 
f., threads of nematocysts. 1 v.d. vas deferens. 
g., main got. 8 ,  penis. 
g.‘, gut-branches. 

m c . ,  nucleus of epidermal celL 

sec., secretion of glomerulus. 

9 ,  external opening of vagina. 

7. Description of an unknown Animal seen at  Sea off the 
By E. G. B. MEADE-WALDO, F.Z.S., Coast of Brazil. 

a i d  MICHAEL J. NICOLL, F.Z.S. 
[Received June 19,1906.1 

(Text-figure 114.) 

The following are accounts of a large marine animal (text- 
fig. 114, p. 720) seen off the coast of Brazil, copied from the 
journals made by us during our cruise in the Earl of Crawford’s 
yacht ‘ The Valhalla ’ :- 

‘‘ On Dec. 7th, 1905, at 10.15 A.M., I was on the poop of the 
‘ Valhalla’ with Mr. Nicoll, when he drew my attention to an 
object in the sea about 100 yards from the yacht; he said : ‘Is that 
the fin of a great k h  Z ’ I looked and immediately saw a large 
fin or frill sticking out of the water, dark seaweed-brown in 
colour, somewhat crinkled at the edge. It was apparently about 
6 feet in length and projected from 18 inches to 2 feet from the 
water. I could see, under the water to the rear of the frill, the 
shade of a considerable body. I got my field-glasses on to it 
(a powerful pair of Goerz Trieder), and almost as soon as I had 
them on the frill, a great head and neck rose out of the water in 
front of the frill; the neck did not touch the frill in the water, 
but came out of the water in front of it, at a distance of certainly 
not less than 18 inches, probably more. The neck appeared 
about the thickness of a slight man’s body, and from 7 to 8 feet 
was out of the water ; head and neck were all about the same thick- 
ness. The head had a very turtle-like appearance, as had also the 
eye. I could see the line of the mouth, but we were sailing pretty 
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fast, and quickly drew awayfrom the object, which was going very 
slowly. It moved its neck from side to side in a peculiar manner : 
the colour of the head and neck was dark brown above, and 
whitish below-almost white, I think. When first seen it was 
about level with the poop of the yacht, and on the starboard 
side. I made it out by the chart to  be in about 5. lat. 7" 4', 
long. 34" 20', but I think this is not quite correct. Mr. Nicoll 
got the correct position from the captain. The depth of the 
water where we saw it was about 300 fathoms, but quickly went 
to as much as 1300 fathoms. Since I saw this creature I con- 
sider on reflection that it was probably considerably larger than 
it appeared at first, as I proved that objects, the size with which 
I was well acquainted, appear very much smaller than they really 
are when seen on the ocean at  a similar distance with nothing 
to compare them with." 

" At 10.15 A.M. on Thursday, December 7, 1905, when in 1at. 
7" 14'S., long. 34' 25' W., in a depth of from 322 to 1340 fathoms, 
Meade-Waldo and I mw a most extraordinary creature about 
100 yards from the ship and moving in the same direction, but very 
much slower than we were going. At  first, all that we could see 
was a dorsal fin about four feet long sticking up about two feet 
from the water; this fin was of a brownish-black colour and 
much resembled a gigantic piece of ribbon seaweed. Below the 
water we could indistinctly see a very large brownish-black patch, 
but could not make out the shape of the creature. Every now 
and then the fin entirely disappeared below the water, Suddenly 
an eel-like neck about six feet long and of the thickness of a man's 
thigh, having a head shaped like that of a turtle, appeared in 
front of the fin. This head and neck, which were of the same 
colour above as the fin, but of a silvery-white below, lashed up 
the water with a curious wriggling movement. After this it 
was so far astern of us that we could make out nothing else. 

'' During the next fourteen hours we ' went about ' twice and 
at about 2 A.M. the following day (Dec. 8th), in lat. 7" 19'S., 
long. 34" 04' W., the first and third mates, Mr. Simmonds and 
Mr. Harley, who were on the bridge at  the time, saw a great 
commotion in the water, A t  first they thought it was a rock 
awash about 100-150 yards away on the port side, just aft of the 
bridge, but they soon made out that it was something moving 
and going slightly faster than the ship, which a t  that time was 
doing about 8& knots. Mr. Simmonds hailed the deck, and one 
of the crew who was on the ' look-out ' saw it too. Although 
there was a bright moon a t  the time they could not make out any- 
thing of the creature itself, owing to the amount of wash it was 
making ; but they say that from the commotion in the water it 
looked as if a submarine was going along just below the surface. 
They both say most emphatically that it was not a whale, and 
that it was not blowing, nor have they ever seen anything like it 
before. After they had watched it for several minutes it 
' sounded ' off the port bow, and they saw no more of it." 

E. G. B. MEADE-WALDO. 

MJCHAEL J. NICOLL. 
48' 
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8. A C:lassification of the Sehchi:in Fishes. 
By C. TATE REGAN, B.B., F.Z.8. 

[Received May 29, 1906.j 

(Text-figures 11 5-124.) 

The classification of the Selachians which 1 pr0l)OSe is as 
follows :- 

Subclass SELACHII." 
Series I. TBIZlWATOPXEA .t 

Order 1. PLEUROPTEEPGII. 
Family 1. Ctudosslachidc. 

Family 2. Cladodontidc. 
Clncloselachus. 

c1acloclus7 Syrnniori uin. 

Order 2. ACANTHODII. 
Family 1. dccc~athoessidm. 

Family 2 .  Dip2ncunthidce. 
Acanthoessus, Chiracanthus. 

Diplacanthus, Climatias, Ischnacanthus. 

Order 3. ICHTHPOTOMX. 
Family 1. Pleurcccunthidce. 

Pleuracanthus, Xenacanthus. 

Order 4. EUSELACHII.: 
SuLorder 1. PLEUROTREMATA.$ 

Division 1. XOTIDAXOIDEI. 
Family 1. C~ZaiizUdoseEuciLiclce. 

Faiiiily 2. liexancluicloe. 
C hlamydoselachus. 

Ilexanchus, Hept,ranclii:;s. 

* I use the word Selachii in the same sense as did Mdler in 1846 and as the 
rqui\dent of the S4laciene of Cuvier in 1817 (RPgne Anim. ii. p. 121). t The names TrQmatopnes and Chismopnes, the latter an obvious misspelling, 
proposed in 1806 by C. Dumeril with a wider significance, may be Latinised 
applied to the two series of Selachians. 

The Petalodontidz and Psammodontidre, comprising several gellera from 
Permian and Carboniferous strata, appear to pertain to this Order, but cannot be 
assigned a definite position. 

5 The Pleurotremata and Hypotremta are equivalent to the PleurotrGmes and 
Hypotremes of C. DumBril. 
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Division 2. GALEOIDEI. 
Family 1. OdoiLtaspidiclce. 

Family 2. Lconvnidce. 
Odontaspis, Scapanorhynchus. 

Lainna, Cnrcharoclon, Cetorhinus, 
Alopias. 

Family 3. Orectolohiclce. 
Pnrascylli~um,Gin~lymostoma, Rhinodon, 

Orectolobns, Chiloscyllium, Stegostoma. 

Family 4. ,Ycylioi*?zinicla. 

Family 5 .  Curclmri ida .  

Scyliorhinus, Pristinrus, Pseudotriacis. 

Carcharins, Galeocerdo, Thalassorhinus, 
Gnleus, Trizenodon, Triacis, Mustelus, Sphyrna. 

Division 3, SQUALOIDEI. 
Family 1. Cochliodontidce. 

Psephorlus, Pleuropla,x, Xystrodus, 
Deltoclus, Pwcilodus, Cochliodus. 

Family 8. H~bocloiiticlce. 
a. V?lborZosati.iz~-Oroclus, Cxmpodus, Sphenacan- 

thns, Tristychius, Hybodus, Acrodus, Astera- 
canthus. 

b. Palr~ospilzaci.rz.m-Pal~ospinax, Synechodus. 

Fmnily 3. Cestmciontidce. 

Family 4. Squcdicla. 
Cestracion. 

a. S~ualiizce-Geiitroscyl~~~~, Echinorhinus, Oxy- 
notus, Etmoyterus, Sqnxlus, Scymnodon, 
Clentroscymnns, Centrophorus, Scymnorhinus, 
Somiiiosus, Isistius, Enprotomicrus. 

11. Pris~op~~oi~iizce-Pristiophorus, Pliotrema. 

Family 5.  Squatinidce. 
Squatina. 

Suborder 2. HPPOTREMATA. 

Division 1. NARCOBATOIDEI. 
Family 1. Torpeclinida?. 

Torpedo, Nnrcine, Hypnos,Narce, Temera, 
Discopyge. 
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Division 2. BATOIDEI. 
Family 1. Rhinobatidm. 

a. P~,istiiece-Sclerorliyiiclius, Propristis, Pristis. 
12. BhilL.obffitii~~-Rli~~ichobtttus, Rhina, Rhino- 

batus, Discobatus, Trygonorhinn, Astroclermus. 
Family 2. Raiiclu?. 

Cyclobdis. 
Rain, Psammobatis, Syinpterygia, 

Family 3. Bmsybccticlce. 
Xiphotrygon, Pterophtea, U1dophhus, 

Dasybntis, Urogymnus, Ptychodus, Mylio- 
batis, Aetobatis, Rhinoptera, Dicerobatis, 
Ceratoptern, Ceratobatis. 

Series 11. CHAXAfA TOPA3A. 

Order HOLOCEPHALI. 
Faxxily 1. Pptodoseta'dce. 

Pyctodus, Rhynchodus, Palsomylus. 
Family 2. Xquffiloraiiclce. 

Squnloraia. 
Family 3. iifyriaca~zthidce. 

Myriacanthus, Chimzeropsis. 
Family 4. Chimcviclce. 

Ganodus, Ischyorlus, Edapbodon, Elas- 
modus, Rliinochima3ra7 Harriotia, Callo- 
rhynchus, Chimwra. 

I a m  of the opinion that any attempt to apply the ride of 
priority to the nomenclature of groups such as suborders, orders, 
&c., unless it is convenient to do so, cannot succeed. To call the 
Notidanoiclei either P:ilseonotidani, Diplospondyli, or Opistharthri 
i s  to give a misleading idea of the characteristics of the division. 

Although the Selachians may quite well be regarded as a sub- 
class of the Pisces, it is not improbable that they will he generally 
accepted as constituting a class distinct from the true Pisces 
(Teleostomi) when their cliaractevistic peculiarities are more 
widely known. 

The Selachii * may be thus defined :- 
Craniate vertebrates with jaws. Nasal organs paired blind 
* 111 the definition a i d  clasfiificntioii of the Selachii I have left out of account the 

Hetrrostraci mid their supposed allies, primitive fishes of Pa1;eozoic times, 88 t o  whose 
positiou in the system no two authors seem to agree. 
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sacs, each with a single external aperture”. Exoskeleton of 
dermal clenticles which are structurally identical with the teeth ; 
no membrane-bones f. Endoskeleton cartilaginous, the cartilage 
often calcified. Gills supported by visceral arches and functional 
throughout life ; no lungs $. Median and paired fins with horny 
dermal rays$ and with endoskeleta.1 supports in the form of 
series of cartilaginous rods, the arrangement of which may be 
variously modified. Vertebral column comprising the notochord 
and its sheath, simple neural and hzemal arches, and intermuscular 
elements, the so-called ribs ; no supra-neural or infra-hzema.1 
arches 11. I n  all the living forms, the males with intromittent 
organs, the mixopterygia, which are appendages of the pelvic fins. 

* The Teleostomi have two nostrils on each side, except in certain specialised 
Teloosts. It, has been supposed that these are homologous with the external and 
internal nares of higher Vertebrates, the Dipneusti, in which the posterior nostril is 
included within tlie month, being cited as evidence of this, especially by those who 
consider them to he transitional between Fishes and Batrachians. The development 
of these parts in Reptilia, Aves, and Mammalia has also been considered to support 
this position, the internal nares being the remnants of open grooves originally 
connecting them with the olfactory pits. 

From this vicw I must dissent, regarding the external nares, whether single or 
divided into two, as homologous throughout the Fishes and the higher Vertebrates, 
and tho internal nares as a new formation peculiar to the latter. I n  the Dipneusti 
the absence of pramaxillaries and maxillaries permits the extension of the nasal sacs 
to the palate ; but it appears to me that the posterior exteusioii of the nasal sacs 
external to functional pr~maxillaries and maxillaries, SO as to carry the posterior 
nostril into the month, is quite impossible. I n  the Amphibia, the lowest group 
with trne internal nares, their development supports the view that they are a new 
formation. 

For a. general acconnt, [with opposite conclusions, see Balfour, ‘Comparative 
Embrrology,’ ii. pp. 631-638. 
t The exbskeletal peculiarities of the Teleostomi may be suinmarised in the phrase 

“ dermal ossification.” On the body, where ff exibility is a requirement, ,juxtaposed 
rhombic bony plates or “ gdnoid scales,’’ arranged in parallel longitudinal and oblique 
series, are developed ; these are found in the more peneralised forms, and in the more 
specialisecl ones may be varioudy modified or may disappear. Other parts of t,he fish 
become strengthened and protected by inemhrane- bones, and whether we examine the 
more primitive members of either the Chondrosteo-Teleosten or the Crossopterygio. 
Dipnenst series, we find in each the same cranial roof-bones, paired parietals, fi,ontals, 
nasals, post-front&, and supratemporals, also the paraspheuoid covering the basis 
eranii, the pramaxillaries and maxillaries (probably originally overlying labial car- 
tilages like those of the Selachians). the dentary, angirlare and splenial, Rheathing the 
Meckelian cartilage, the circumorbitals, postorbitals and prsoperculnm, the opercular 
and subopercular bones, protecting the branchial chamber, and finally a series of bones 
overlying the pectoral arch and connecting it’ with the cranium, post-temporal, 
augra-cleit,hrum, oleithrum, and clavicle. 

$ The Teleostomi have typically eithe; a lung or its homologue, the air-bladder. 
§ The dermal rays of the Teleostomi differ from those of the Selachii in being 

more or less ossified ; in order to retain their flexibility, they have become segmented. 
I n  the two subclasses the dermal rays occupy exactly the same position with regard 
to the muscles a i d  the endoskeletal supports, and they appear to me to be unques- 
tionably homologous throughout hoth groups. For anothsr view, see Goodrich, 
Quart. Journ. Micr. Sci. xlvii. (1904) p. 461.. 

I /  In the Teleostomi, in addition to the neural arches which are present in the 
Selachii, we fiiid a series of paired elements which are the dorsal equivalents of the 
ribs. I n  the living Chondrostei and Uipneusti these supra-neuraln are attached 
proximally to the neural plates (basi-dorsals) on each side of the longitudinal 
ligament, and they meet above to form the neural spines. The ribs in the 
Teleostomes appear not to be homologous with those of the Selachians; in the 
former group they lie internal to the muscles and bound the abdominal cavity, 
whilst in the latter they lie between the dorsal and ventral muscles, corresponding 
rather to the intermuscular bones of many true Fishes. That the Teleostome ribs 
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The relations of the principal groups may be cliagrammatically 
expressed thus :- 

Narcobatoidei. BRtoidei. 

Trernatopnea. 
Gill-clefts opening directly to 

Pterygo-quadrate distinct from 
the exterior. 

the cranium. 

I 
(Hypotremata.) 

i Galeoidei. 
/' 

C'hasmutopneu. 
Gill-cleftsopening into a chamber 

with a single external aperture. 
Pterygo-quaclrate fused with the 

cranium. 

Sqnaloidei. 

Notidanoidei. I / 

(Euselachii Ple'urotremata.) 

Ichthyotomi. 
'\ 

I-Iolocepliali. 

/ 

\\ 

Acmthodii. "x, 1 ' " 

or infrahzmals are the ventral couuterparts of the supraiieurals is shown especially 
well in the Dipueusti, the ribs meeting in the caudal region to form hmnal spines, so 
that the ventral arches are exactly similar to the dorsal ones. I n  the Chondrostei 
infrahsemal elements are wanting in the posterior abdominal and caudal regions. I n  
fishes with a bony vertebral column the presence of centra and the co-ossification of 
the neural and supraneural and in the caudal region of the haemal and infrahzxnsl 
elements usually obscure the structure. I would, then, define the Selachians as 
having neural and hiemal arches only, and the Teleortomes as having not only neural 
and h z m d  arches. but also supraneural and infrahBma1 arches. 
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Thus in their essential features the Chasmatopnea are the more 
specialised, but on the other hand they are in some respects more 
primitive than any other living Selachians. Of the Trematopnea, 
the Pleuropterygii, Acanthodii, and Ichthyotomi are exclusively 
Palzeozoic, whilst the Euselachii include all the living Sharks and 
Rays. These orders rest solely on what is known as to the 
structnre of the paired fins, and our views as to their relationships 
are cletermined by o w  conception of the evolution of those 
oi-pns, which must therefore be discussed. 

The view which is here taken a,s to the origin and evolution of 
the pa,ired fins in the Selachians is as follows :- 

The median and paired fins were originally continuous and 
were support’ed by series of parallel cartilaginous rods-pterygio- 
phores-set a t  right angles to the axis of the body. At  the line 
of junction of fin and body each rod became segmented ; thus we 
get a differentiation into basads-the proximal segments within 
the l)ody, and radials--the distal segments. The radials often 
became subdivided, a series of short ‘’ marginal ” segments being 
the most constant. Hypertrophy in certain regions and atrophy 
in others led to the establishment (ah lea,& in the Euselachii) 
of two dorsals, a caudal, an anal and paired pectoral ancl 
pelvic fins. I n  the pelvic fins concentration and fusion of the 
anterior basalia on each side led to the formation of a pelvis 
(except in the Plenropteiygii) ; in the Euselachii these unit.ec1 
to form a single unpaired cartilage, and some or d l  of the 
remaining basdia fused to form a basipterygium. From their 
position of greater importance, evolution has proceeded further in 
the pectoral than in the pelvic fins ; the cartilages formed by the 
fusion of the anterior basalia have grown out dorsally and ventrally 
to form the pectoral arch, ancl the normal course of evolution of 
the fin has been in the direction of shortening the base of attach- 
ment, thus permitting more varied movements in different planes. 
This shortening of the base has not been accomplished by a simple 
concentration ancl reduction of elements, as in the Teleostean 
Fishes, but by tjhe 0utwa.i-d rotation of the basipterygium, which 
has retained its mterior articulation to the pectoral arch, but 
posteriorly has separa#ted from the body and has come to lie a t  the 
posterior (inner) edge rather than a t  the base of the fin. Evolution 
in this clirection has proceeded furthest in the Ichthyotomi, in 
which the posterior radials have extended round on to the inner 
edge of the segmented basipterygium. 

It is now nearly thirty years since Thacher and Balfour* 
independently put forward the theory that the median and pa,ired 
fins were of similar origin, both being the remnants of originally 
continuous fins. The former baser1 his view on the similar 
structure of the median ancl paired fins in the Selachians and the 
Chonrlrostenn Fishes, whilst the latter mine to his conclusions 

* I m i  not overlooking the fact that Mivart also put forward this theory ; but 
his memoir, although more elaborate than that  of Thachrr, is less complete. The re- 
searches of Dohrn, Mayer, Dean, a i d  others have developed and extended this theory. 
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from a study of the development of Selachians. The memoirs of 
both authors were so coniplete a i d  so lucirlly written that no one 
who carefully studies them a n  come to any conclusion other than 
that the writers had proved their case, ancl that the theory of 
Gegenbaur, that the paired fins and their girdles were derived 
from posterior branchial arches and their rays, had been absolutely 
and finally disposed of. 

However, this latter theory still continues to he put forward 
by the Gegenbaurian school, and most writers of text-hooks seem 
to consider it of equal importance with the Thacher-Balfour 
hypothesis. Some authors who accept the theory of the similwr 
origin of the median and paired fins have shown themselves to 
be unacquainted with the facts of comparative anatomy and 
embryology on which it is based, and have consequently failed in 
the attempt to apply it to the elucidation of the reIationships of 
the various groups of fishes, whilst the writer of a recent memoir 
(Kern, No. 32) has so little understood Balfour’s observations as 
to offer an absolutely impossible explanation of them. 

Thacher examined the median and paired fins in a number of 
Selachian and Chonclrostean Fishes. According to him, in the 
former group the dorsal and anal fins are supported by a series of 
cartilaginous rods, each usually composed of 3 segments [which 
may be called bas& (within the body-wall), radials (in the 
muscular lobe of the fin), ancl marginals (the distal segments)], 
sometimes of 2 only, sometimes of more. Concrescence of adjacent 
segments frequently occurs, Each cartilaginous rod has on each 
side a special muscle, separated from its fellows by the fibrous 
sheets which run from between the rods to the integument. 
Each muscle develops a flat tendon which lies parallel to the 
surface of the Bn and inserts itself in the fascia covering the 
exterior of the cartilaginous rods and the proximal ends of the 
horny fibres. 

Comparison of the dorsal and pelvic fins in Mustelus culzis showed 
Thncher that they were closely similar. He  found that in the 
pelvic fin the hornyfibres, the muscles and their tendons, and the 
cartilaginous supports were of the same structure and stood in the 
same relation to each other as in the case of the dorsal fin. The 
difference consisted only in that the series of basal segments of 
the supporting cartilages in the dorsal fin remained separate, but 
were represented in the pelvic fin by 2 basal cartilages-a shorter 
anterior piece, the pelvis, united to its fellow in the median line, 
and a longer posterior piece, the basipterygium. H e  considered 
that the resemblance of the pelvic fin t o  the dorsal was at  least as 
close as to the pectoral, and that the formation of pelvis and 
basipterygium was due to concrescence of the basal segments of 
the cartilaginous supports, a process of common occurrence in the 
unpaired fins. 

I n  the more specialised pectoral fin the pectoral arch was 
compared to the pelvis, and the metapterygium to the basi- 
pterygium, whilst the propterygium and mesopterygium were 
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regarded a s  formed by concrescence of the proximal segments of 
the radials articulating with the pectoral arch. 

The innervation of the paired fins in iVustelus canis was 
studied by Tliacher, who found that the pectoral fin xas inner- 
v,ited by blanches of the first &€teen myelonal nerves. The 
pdsterior four (12-15) ran direct to the metapterygium and 
then divided into dorsal and ventral branches ; the next four 
(8-11) formed a plexus, from which they emerged and then 
behaved in a himilar manner to the ones behind them ; the first 
seven united with each other and with a minute branch of the 
vagus to form a cord which passed through the foramen of 
the pectoral arch ancl then divided to form a dorsal and a ventral 
branch. I n  the pelvic fin a considerable number of nerves 
anterior to the fin took part in forming a cord which passed 
through the foramen of the pelvis, and posterior nerves ian to 
the basipterygium and bifurcated in the same way as the posterior 
nerves of the pectoral fin *. 

I n  the Chondrostei the dermal fin-rays are more or less ossified 
and segmented ; except for this, the median fins were found to be 
exactly similar to these of generalised Selacliians, and the pelvic 
fins to  be of a more primitive type than the Selachiaii pelvics, 
and to bear even n closer resemblance to the dorsal and anal fins, 
inasmuch as  the posterior basals remained separate, and the pelvis, 
forniecl by the union of the anterior ones, did not meet its 
fellow of the other side. 

Thacliei’s main results may be stated as follows :-In Selnchii 
and Choutlrostei both median and paired fhs  consist of cleriual 
rays. muscles, ancl endoskeletal supports which are similnr in 
structure and in relative position. The pectoral and pelvic 
girdles must have been formed by fusion and subsequent ont- 
growth of the anterior basalin. Both median and pzired fins 
are to be regnrrled as derived from originally continuous fins, 
perhaps hoinologous with the median fin-folds and metapleural 
rirlges of A.nzphioxus. The type of fin termed ‘. archipterygium ” 
by Gegenbaur must be secondary, and the suggested honiology of 
limb-girdles with gill-arches cannot be seriously entertained. 

Thacher must be held to have proved his case from the facts 
of compnrative anatomy done; but, even if it be granted that 
the extraordinary resemblances between meclian and paired fins 
might possibly have arisen in organs of dissimilar origin, the 
proofs of so improbable a hypothesis must be substantial. If they 
wish to be taken seriously, supporters of the theory of the 
dissimilar origin of median and paired fins must bring forward 
evidence to show that this similar structure is secondary ; and if 
that be the case we should expect to find signs of it in their 

* Whilst the Gegenbanrian school have explained the innervation of the pelvic 
fins a$ due to their migration, they have all ignored the similar innervation of the 
pectoral fin, which is absolutely inexplicable in terms of their hypothesis. Moreover, 
since forward migration of the pelvic fins in Teleostei has not led to  their innercation 
by a number of spinal nerves belonging to the myotomes through which they have 
passed, why should such an effect have been produced by their backward iriigiation 2 
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development. But here we are met with the fact that Balfour 
independently arrived a t  the theory of the similar origin of 
inedian and paired fins from their similar development in Selachian 
fishes. 

I n  the types which he stndiecl, Balfour found that the nieclian 
and paired fins first appeared as special developments of continuous 
ridges of columnar epiblast. I n  the case of the paired fins this 
ridge was a very transitory structure, connecting the fin-rudiments 
only at  their first development, and disappearing before they 
became a t  all prominent. I n  the case of the unpaired fins the 
connecting ridge attained a somewhat greater development before 
disappearing. Balfour considered that these facts could only beai* 
one interpretation, viz., that the limbs were the remnants of 
continuous lateral fins. 

But Prof. Graham Kerr gathers from Balfour that this ridge 
connecting the paired &IS does not occur in Scy/lliz6m (Scylio- 
i -hhus ) ,  and considers that we now know that it is confined to 
the Rays (Hypotremata), from which he infers that the continuity 
of the paired fins in the embryo may only be a foreshadowing of 
their extension along the sides of the body, which is so chsrac- 
teristic of this group. 

Even if this ridge were confined to the Hypotremata, it must 
be evident that a very transitory structure, connecting the fin- 
rudiments only at their 6rst development, can have no relation 
to the secondary extension of the pectoral fins in these Selachians. 
But Balfour leaves no doubt as to what were the forms in which 
he observed these phenomena. I n  the ‘ Monograph of the 
Development of Elasmobranch Fishes,’ p. 97, a footnote says: 
“ Unless the contrary is stated, the facts recorded in this chapter 
[Chapter TI.] apply only to the genera Scyllzum and Pris~iwzcs.” 
After describing the early development of the fins, without 
reference to special genera, he notes that the connection of 
the paired fins is especially well shown in Toryedo. I n  his 
wonderful text-book of ‘ Comparative Embryology,’ p. 610, we 
find: “ For the remaining history it is necessary to confine 
ourselves to ScyZZium as the only type which has been adequately 
studied. The direction of the original ridge which connects the 
two fins of each side is nearly, though not quite, longitudinal, 
etc., etc.” 

I n  Balfour’s account of the subsequent development the chief 
interest nthches to the fin-skeleton. The principal points may 
be stated thus :-The supports of both median and paired 
fins are segmented from continuous laminrt?, the segmentation 
being to R great extent completed before the differentiation of 
the tissue as cartilage. I n  Scyllizsrn the fin-skeleton of both 
pectoral and pelvic fins in its earliest stages consists of a bar 
parallel to the long axis of the body, the outer side of which 
is continued into a plate which extends into the fin and very 
early becomes segmented into a series of parallel rays a t  right 
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angles to tlie longitudinal bar, or basipterygium, which is 
continuous in front with the fin-girdle. Further changes in the 
pelvic fin consist chiefly in the segmentation of basipterygium 
from pelvis and of the radials from both. The pectoral arch 
develops as a vertical bar of cartilage a t  the front border of the 
ruclinientary fin, cmd externcclly t o  the mzcsele-plates * ; the first 
part to be formed is that in the neighbourhood of the basi- 
pterygium, the dorsal and ventral prolongations being subsequent 
outgrowths. Changes similar to those described in the pelvic 
fin occur in the pectoral, but, in addition, the basiptery,’ alum 
(metapterygium) rotates outwards and comes to forin the posterior 
border of the skeleton of the fin. 

Balfour’s conclusions are that the homology of the pectoral 
metapterygium with the pelvic basipterygium is established, 
and its primitive position is shown to be within the body- 
wall and parallel to the long axis of the body. The pelvic fin 
represents a stage in the evolution of the pectoral fin, and what 
Gegenbaur conceived to be the primitive axis of the biserial fin is 
demonstrated to be really the base, so that post-axial rays must 
lie rxondary. The mode of development of the fin-girdles is in 
favour of the hypothesis that they are outgrowths of the basi- 
pterygia, and the latter may well have been formed from the 
coalescence of the originally separate basal segments of the 
supporting cartilages, since in the median fins also these are 
segmented from continuous laminz. On the other hand, it is 
clifficult to see how a limb formed on the type of the embryonic 
limb of Elasmobranchs could be derived from a visceral arch with 
its branchial rays. 

The fact that the theory of the similar origin of the median 
and paired fins was put forward on the ground of their similsr 
structure and development in the living Selachians and Chon- 
clrostean Fishes cannot be too strongly emphasised. To consider 
the Euselxchii and Chondrostei as respectively derived from the 
Ichthyotomi and Crossopterygii, in which the paired fins are of a 
more specialisecl type, is to ignore the evidence on which the 
theory rests, 

The order Pleuropterygii includes the Devonian Cludosebchtis, 
which lmd broad-based paired fins, the pelvics without fusion of 
the basalia, the pectorals scarcely more advanced in structure T.  
Cladodw and Symmorium, of which only the pectoral fins are 
known, may be placed in this order provisionally, but are perhaps 
transitional to the Ichthyotomi and Euselachii. The anterior 

* Bdfonr l ~ e s  evidently italicised this phrase, because he has shown elsewhere 
that the branchial bars are developed in the deeper parts of the mesoblast which 
coastitntes tlie priinitivo branchial mches, and on the inner side of the seciion of the 
bodv-cavity primitively present iu the arches. 

t” The strongly heterocercal caudal fin described by Dean shows that CZmZo- 
seZac?ius was more or less pelagic, and lends no support to the view that tho broad- 
based paired fins ofthis fish aerc a specid adaptation to  bottom living. 
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pectoral radials articulated to the pectoral arch are present, but 
there is no fusion of their proximal segments ; the basipterygium 
is short and may be followed by a series of basn1i.i '. 

The Acrtnthorlii comprise Palwozoic Selxcliims apparently 
relnted to the Pleuropterygii, but with a strong spine a t  the 
anterior edge of each of the fins. As in Ckadosekcchus niiso- 
pterygia do not seem to have been developed, a feature which 
distinguishes these two orders from the other Selachians. The 
Ichthyotomi differ from the Pleuropterygii in that the anterior 
pelvic bnsnlia on each side have fused to form a pelvis, nhilst the 
pectoral fins ale of a highly specialisd type, the basalia forming 
the segmented axis of a biserial fin and the anterior radials 
articulated t o  the pectoral arch having been lost. In  the 
Enselachii the pelvis is a single unpaired piece ; basiptei-ygin are 
formed in both pectoral and pelvic fins, and in the former the 
proximal segments of the anterior radials have united to form 
two cartilages, the propterygium and mesopterygium. In  the 
Holocephali the paired fins bear a considerable resemblance 
to those of the Euselachii, but the pelves remain separate, and 
the piece formed by the fusion of the anterior pectoral radials 
does not seem to be the homologue of either proptei.y,' wum or 
m esopterygium . 

The order Euselachii includes all the living Sharks and Rays 
and may be divided into two very natural and sharply debed  
suborders, which may be compared thus :- 

Plezcrotrernata. 
Eyes with free margins. 

Gill-openings lateral, the last in 
front of or above the base of 
the pectoral fin. 

Anterior (propterygial) margin 
of pectoral fin free. 

Pectoral radials typically simple 
and of few segments, usually 
only the anterior ones reach- 
ing the free edge of the fin.? 

Two halves of the pectoral arch 
well separated above (text- 
fig. 123, p. 754). 

Hypotremata. 
Superior margins of eyes not 

free. 
Gill-openings ventral, all below 

the base of the pectoral fin, 
which extends forward above 
them. 

Anterior margin of pectoral fin 
joined to the side of the body 
or head, the elongate pro- 
pterygium lying a t  the base 
of the fin. 

Pectoral radials numerous, 
multisegmented, distally bi- 
furcated, all reaching the 
free edge of the fin. 

Suprascapular cartilages either 
united t o  thevertebralcolumn 
or else above it. 

* Some authors have placed CZadodus with the Ichthyotomi, B view not 
endorsed either by Cope or Boulenger. The structure of the pectoral is very similar 
t o  that of the pelvic fins of the Ichthyotomi or of Hybodus, as described by 
Campbell Brown. 
t See exception in definition of the Lamnidae. 
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PbzLrotrematcL (con.). 
Umnium without cartsilages at- 

tached to the olfactory cap- 
sules" (text-fig. 118, p. 742). 

Pterygo-quadrate with a process 
(palato-basal process of Ge- 
genbaur) which is articulated 
or attached by ligament to  
the cranium. 

Hyomandibular and ceratohyal 
both bearing cartilaginous 
rays and supporting the 
first hemibranch ; ceratohyal 
a single cartilage attached to 
the lower end of the hyo- 
mandibular (text-fig. 115, 
p. 734.) 

Hypotmw ata (can.). 
Yairetl przeorbital cartilages, 

attached or aiticulated to the 
olfactory capsules, alnays 
present and well-developed 
(text-fig. 122, p. 753). 

Pterygo-quadrate without pala- 
to-basal process, not attached 
or articulated to the cranium. 

Hyomanclibular purely suspen- 
sory,not Fearing cartilaginous 
rays ; first hemibranch sup- 
ported only by the ceratohyal, 
which is segmented into 2 or 
3 pieces and is either attachecl 
high up on the posterior edge 
of the Iiyornandibulnr or else 
is entirely sepnrntecl from it. 

It wonlcl be difficult to imagine a gi-onp more natural or better 
defined by a number of anatomical peculiarities tlian tlie Hypo- 
tremata. The idea sometimes expressed that the ventral position 
of the gill-clefts is of little importance, and  that Pristiophorns and 
Squatincc would be almost as well placed ninong the Rays as with 
the Sharks, is founded on ignorance of the inany and striking 
differences between the Sharks and the Rays. 

Dr. Smith Woodward divides the Euselachii into two groups, to 
which he applies Hasse's terms Astero~pondyli and Tectospondyli, 
the latter including the Rays and the Sharks without an anal fin. 
This is so far natural in that there can be no doubt that  the loss 
of the anal fin in the Squalid= indicates affinity to the Hypotre- 
mata, but it does not take into account the repem blances between 
the Cestracionticls and the Squalids or tlie differences between 
the latter nncl the Hypotremata. 

Dr. Woodward has been influenced by the resemblance of 
Pristiophorus to Pristis and by the Ray-like features of Sgucctina. 
The Tectospondyli are also said to be characterisecl by the presence 
of large spiracles, even in the most specialisetl forms; but this 
does not hold good for pelagic Sharks of this group (e. g. Som?~iosus), 
and Ground-Sharks of the other (e.g. Urectolobus) Iim-e the spiracles 
as large as in the Rays. A supposed difference in the structure 
of the vertebral column is the remaining reason for the  recogni- 
tion of the Asterospondyli and Tectospondyli, the Iattei- being 
definecl as having the vertebrz, when fully developed, with the 
concentric calcified lamine predominating over the radiating 
lamine, and the former as having the radiating laminze predo- 

* Paired proceqseh of the przorbital margin of tlie etbmoidal region may be present, 
and in Heptmnehias segmunt off as separate cartilages. 
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Text-fig. 11 5 .  

B 

Mandibular and hyoid arches of a Plenrotreme (A) and a Hypotrenie (I3). 

A. Spuatina angaliis (after Gegenbaur). 13. Raia clavata (after Parker). 

p t ,  pteryygo-qundrate ; p ,  palato-basal process ; m, meckelian cartilage ; h, liyo- 
mandibular; c, cerato-hyal ; b ,  basi-hyal ; r, cartilaginous branchiostcgal 
rayn. 

minant. These terms have no practical application ; both groups 
include types in which the secondary calcification of the vertebral 
centra has no laminar structure (e. g. Rhynchobatus, Oxyrhi?ta), 
and others in which it is deposited as a series of concentric 
lamins (Squuti?za, Cetorhinus) ; also in both are forms in which 
the calcification presents a radiating pattern in cross section 
(e. g. Nurcine, Orectolobus). 

I n  order to arrive a t  a natural arrangement of the Euselnchii 
I have studied at m y  rate the more important of the numerous 
memoirs dealing with their anatomy, and wherever possible, nncl 
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especially in the case of genera of doubtful position, I have endea- 
voured to confirm or to extend the observations which have been 
made by others. The endoskeleton of the Selachii may be conveni- 
ently considered under the heads: (1) the axial skeleton, or cranium 
and vertebral column ; (2) the visceral skeleton, comprising the 
labial cartilages? w, and branchial arches ; and (3) the pterygial 
skeleton, comprising the supports of the median and paired fins, 
including the pectoral and pelvic arches and the mixopterygia. 
Modifications in structure of these three systems are considered 
in the account which follows. 

I n  all living Selachians the vertebral column is made up of 
the notochord and its cartilaginous sheath and of dorsal and 
ventral series of paired cartilages attached to the latter. These 
paired cartilages consist of principal pieces, neural plates (basi- 
dorsals) and hsmal plates (basi-ventrals), and of intercalary pieces 
alternating with these, the interneural and interhsmal plates. 
Clentra may be formed by the segmentation of the cartilaginous 
notochordal sheath. The neural plates are typically broad a t  the 
base and narrowed above and vertebral in position, whilst the 
interneurals are correspondingly narrowed below and intervertebral 
in position. Both neurals and interneurals may meet in the 
middle line and unite above the spinal cord ; or i f  the interneurals 
of one side are juxtaposed above the apices of the intervening 
neurals, then only the interneurals may so unite. 

A median series of cartilages may sometimes apparently be 
segmented off from the united paired elements. The neurals and 
interneurals may not meet above, and in that case the roof of the 
neural canal may be completecl by a longitudinal strip of cartilage, 
apparently of independent origin, usually, but not always, seg- 
mented". Sometimes the incomplete union of neurals and inter- 
neurals leaves a series of interspaces, which are filled by a median 
series of cartilages?. The plates composing the neural and 
hsmal arches may each become secondarily segmented into two o r  
more pieces $. 

The hsmal plates correspond to the neurals and are vertebra1 
in position, whitst the interhaemals are intervertebral. The latter 
are often reduced or absent, especially in the caudal region. In  
the prscaudal region the hsmals remain separate and may bear 
rib-like cartilages, which are intermuscular in position and probably 
not homologous with the ribs of Teleostomi. In  the caudal region 
the hEmals unite below to form a complete hsmal arch, and a 
median series of cartilages may be segmented off. Primitively the 
neural and hsinal plates are loosely attached to the chordal sheath, 
lout sometimes they become more intimately united with it, and 

* I n  a young Curclrurins inslnnopterus I find an nnse,gnented median longitudinal 

"P The medkn cartilages of NcytiQrhinw are pyobably not derived from the 

1 Compare Hasse's plates of various Hypotrernata and also Helbing's fignres of 

rod of cartilage completing the neural canal. 

neural arches. 

Lcemargus borealis and L. rostratw. 
PROC. ZOOL. 8oc.-1906, No. XLIX. 49 
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they ma,y even grow round it and meet laterally, each neural 
uniting with the corresponding hemal *. 

Text-fig. 116. 

Diagrammatic transverse sections of vertebrse of Cetorhinus (A), Uingnglymostoma (B), 
Galeoeerdo (C) ,  Nurcine (D), Etmopterus  (E), and Squutina (F). (All after 
Hasse.) 

n, neural arch ; h, hsemal arch; e, calcified double cone; 8, secondary calcification ; 
a, principal uncalcified areas, radiating to  the bases of the arches in A, B, 
and c. 

# This extension of the neural and hzmal plates round the chordal sheathappeara 
to be often inversely proportional to the secondary calcification of thc centra. I n  
nearly all the Galeoidei the calcifications extend throughout the ccntrum and the 
neural and hsmal  arches do not extend downwards or upwards, but in Prisliurus, 
where the secondary calcification has disappeared, they meet round the centra. 
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The notochord may be unconstricted and its sheath unseg- 
mented, as in the Holocephali and in the greater part of the ver- 
tebral column of Chlamydoselachus ; or  it may be coiistrictecl by Ltn 
annular thickening of the cartilaginous sheath below the middle of 
each neural plate, but without the formation of a calcified ring and 
with imperfect segmentation, as in Hexanchus ; or calcified rings 
may be formed in the chordal sheath, which usually take the form 
of double cones, so that the notochord is constricted vertebrally 
and expanded intervertebrally, whilst the centra are better defined 
and more completely separated. This type of centrum, with a 
calcified double cone and without further calcification, as in the 
Sqnalicls, is termed ‘‘ cyclospondylic ” by Hasse (text-fig. 11 6, E). 

Secondary calcification may be deposited round the central double 
cone either homogeneously or as a series of concentric lamells, and 
may form a complets and oontinuous investment, or may be broken 
up by uscalcified areas so as to present a radiating pattern in cross 
section. LLAsterospondylic” centra (text-fig. 116, A, B & C) may be 
defined as those in  which the secondary calcification leaves four 
principal uncalcsed areas radiating from the central double cone 
$0 the bases of the neural and haemal arches, and are characteristic 
of the suborder Galeoidei, although in the Scyliorhinids a series of 
modifications set in whidh culminate in a complete reversion to 
the cyclospondylic type in the genera Pristiurus and Pseuclotriacis. 

“Tectoiponclylic” centra (text-fig. 116, D & F) are those with 
well-developed secondary calcifications not arranged on the astero- 
spondylic plan. Hasse has applied this term to the various types 
of centra found in the Batoidei, and in  Xpuatina and Pristiophorus, 
and it is impossible to give any definition which will include these 
and exclude Castrocion. Probably also the so-called asterospondylic 
centra of soue Hybodonts would have to be included. 

In the prsecaudal region the vertebrs are as numerous as the 
mp$omes, and the neural plate i s  typically either perforated or 
notched posteriorly for the exit of the ventral root of a spinal 
nerve, whilst the interneural is perforated or notched posteriorly 
for the exit of the dorsal root. I n  the greater part of the cauclal 
region of all Plitgiostomi the vertebrs are twice as numerous as 
the mpotomes, and consequently every other pair of neurals and 
internenrals are not perforated or notched for nerve-exits. To 
this condition the name ‘‘ diplogpondyly ” has been applied, and 
the condition which obtains in the cauclal region of the Holocephali, 
where the vertebrs, as ascertained by the number of neurals and 
interneurals, are more than twice as numerous as the myotomes, 
as indicated by the nerve-exits, has been turned ‘‘ polysponclyly ” 
by Hasse. 

The transition from monospondylic to diplosponclylic myotomes 
may be abrupt, as in Spulus,  or there may be an intermediate 
region. Thus in Heptradias ,  as described by Mayer, the dupli- 
cation of the arches precedes that of the centra, a nuinbey of these 
bearing two pairs of neurals and haemals, so that every other pair 
of interneurals in this region corresponds to the middle of a 

49” 
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centrum. I n  Mustelus, according to the same abthor, the centra 
become more and more elongated in the posterior pmcaudal region, 
and we pass from normal vertebre to some in which the broader 
neural plates bear i n  extra median cartilage, which are followed 
by others with two extra median cartilages corresponding to the 
still broader neural plates ; then follow the ‘‘ half-vertebrs.” I n  
Scyliorhinus, a s  described by Ridewood, the transitional stages 
are (1) the broadening of the neural plate and introduction of an 
extra median cartilage, (2) the division of the centrum and of the 
neural and hsmal plates, (3) &he intercalation of an extra inter- 
neural between two contiguous murals. 

Hasse considered polyspondyly to be the original condition, but 
it seems more probable that monospondyly is primitive and that 
diplospondyly and polyspondyly are secondary. Ridewood has 
suggested that the diplospondyly of the caudal myotomes of the 
Euselachii may be due to the. need for greater flexibility in this 
region, and if we add to this the fact that the caudal myotomeh 
are longer than those of the trunk’, we seem to have a basis for 
a possible explanation of this phenomenon. 

Some explanation of the structure of the mixopterygia (text- 
fig. 11 7) is necessary. T h e s ~  paired intromittent oqans, which 
have been especially studied by Jungersen and Huber, are append- 
ages of the pelvic fins, and are SZI ported by a cartilaginow skeleton. 

duct of a glandular sac a t  its h e ,  which may or may nbt contain 
a special glandular body. I n  the Euselachii the skeleton of the 
appendage consists principdly of an axid  captiluge, e i a e r  a pro- 
longation of the bmiphrygium, or more probably the last radial, 
enlarged and modified. Proximallyone to four short segments 
of the axial cartilage may be defined, and an accessory cartilage, 
which appears to be the displaced penultimate radial, is attached to 
these or  to the axial cartilage proper. The groove of the appendage 
is bordered by a dorsal and a ve+&tral vmrginal cartiluge, which 
are united basally to the axial cartilage. Articulated to these 
distally are tlorsnl and ventral twminal cartilages, and a varying 
number of additional terminal pieces may be present, some of 
which may be spinous. Finally, one or more cowering pieces, 
sheathing the terminals, may be present. 

The contents of the glandular sac are driven by means of 
special muscles along the duct formed by the closing of 
the edges of the groove, and out through the aperture formed by 
the extension of the terminal pieces, which appear also to have 
the function, when extended, of retaining the organ in position. 
From the structure of the mixopterygia alone Hnber has arranged 
the Euselachii in three groups-the first corresponding to the 

A groove extending for the who P e length of each a p p d a g e  is the 

4 In a fipeciinen of S p a l u s  aennthias 1 find 4 aiiterior prreaaudal vertelrs have 
the sanie length as 3 posterior prctcaudals, 6 posterior prremndals am equal in length 
to  8 auterior caudal “ half~vertel)rs,” which again are as long as 8 “ halfbvertebrs 
of the regioii behind the second dorsal fin ; one of these last, in fact, is of the same 
biw as one of the anterior trunk vertebrs, showing that the myotoine is twice as long. 
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Notidanoiclei and Squaloidei (except Xqzcatina), the second to the 
Galeoidei, the third to the Hypotremata and Sqzcatiita. The last- 
named is admitted, however, to belong as much to the Squaloiclei 
as to the Hypotrernata. The Holocephali have mixopterygia 
which differ considerably from the Euselachian type. 

- 
Dorsal views of the skeleton of the mixopterygia o f  Somniosus (A), Lamna (B), and 

Rhinohatus ( C ) .  I n  C the covering piece has beeu 
removed, a i d  is shown in a ventral view of the terminal part. 

.b, pelvic bnsipterygium ; r, radials ; a,  acaessory cartilage ; p ,  proximal segments 
of axial cartilage ; ax, axial caxtilape proper; g, terminal portion of axial 
cartilage ; r d ,  dorsal margiiial cartilage ; m, ventral inarginal cartilage ; 
td ,  dorsal terininal piwe j t o ,  ventra! tcrmiiinl piece; t and td2, teriniiial pieces ; 
c, covering piece. 

The Eu.selachii are the only group which call for n detailed 

(All after Jungarsen.) 

systematic account. 

Order E U S E  LAC H I I. 
Suborder 1. PLEUROTREMATA. 

Division 1. N o T I D A N o I D E I .  

Six or seven gill-clefts on each side ; a single dorsal fin, not 
preceded by a spine, opposite to the anal. 

The Sharks of the two closely allied families which comprise 
this suborder show a combination of primitive and specialised 
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features, and form an isolated group without very close relation- 
ships to other Euselachii. 

The gill-clefts retain their primitive position, as in the Lam- 
nidw and Squalid=, the last being in front of the base of 
the pectorals. It is probable that their large number is a 
primitive fature,  but the recent rliscovery of a Pristiophorw with 
six gill-clefts shows that the importance of this character has 
been overestimated. In  this case, however, it is accompanied by 
a very generalised arrangement of the branchial skeleton. 

The snout is supported by a simple anterior prolongation of the 
cranium. 

In  Chlumydoselachzcs the notochord is unconstricterl, except 
anteriorly, where there are a few calcified rings. In  Hexunc7~zcs 
the notochord is constricted by annular thickenings of the carti- 
laginous sheath, there being no calcification. I n  Heptrunchias 
the notochord is constricted vertebrally by a series of calcified 
rings, which assume more and more the form of a double cone 
towards the tail. I n  the candal region, secondary calcification 
may give rise to four, six, or eight short rays, radiating from the 
central double cones. 

The dorsal and anal fins have numerous pterygiophores, which 
in Chlumydoseluchus are rather irregularly arranged and exhibit 
some fusion, especially basally. I n  Heptranchiccs the radials are 
regular and the basals of each fin are fused to form two large 
cartilages (text-fig. 120, B, p. 747). 

The pectoral fin has a rather peculiar and quite unique structure. 
The propterygium is rather small, but broad, and distally forms a 
convex surface for the articulation of the mesopterygium, which 
it partly excludes from the pectoral arch. The mesopterygium is 
well-developed, and extends to the anterior edge of the fin distally 
to the propterygium. I n  Chlwnzydoselachus it is smaller than in 
Eexcc?tchzcs and Eeptranchias, and bears fewer radials than the 
metapterygium, which is composed of a long proximal and a short 
distal segment. I n  the Hexanchidce the metapterygium consists of 
a very short proximal and a long distal segment ; it bears about as 
many raclials as the mesopterygium. The radials are simple and 
composed of from three to five segments (text-fig. 119, D, p. 743). 

The mixopterygia are of the Sqnaloid type, the axial cartilage 
being cylindrical and pointed, the ventral marginal cartilage 
short and distal in position. It is evident that this is a more 
primitive structure than that of the Galeoid Sharks. 

The Hexanchoidei resemble the Galeoidei in the absence of fin- 
spines. They resemble the Squaloidei in the structure of the 
cranium and of the mixopterygia. These features, which they 
have in common with the Sharks of the two other suborders, are 
undoubtedly primitive and indicate only the derivation of all three 
from the same stock. Their peculiar characters may be either 
primitive, as in the case of the vertebral column and the gill- 
clefts, or specialised, i. e .  the absence of the first dorsal fin and 
the structure of the pectoral. 
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Family 1. CHLAMYDOSELACHIDZ. 

Body very elongde ; mouth nearly terminal. Pterygo-quadrate 
not articulated to the cranium. Teeth with broad bases and with 
three slender erect subconical cusps. 

The only representative of this family is the widely distributed 
Chlnrnydoselachus angzcineus, the anatomy of which has been 
described by Dr. 8. Garman. 

Family 2. HEX AN CHID^. 
Body moderately elongate ; mouth inferior. Pterygo-quadrate 

with postorbital articulation to the cranium. Teeth with elongate 
bases and with a series of compressed oblique cusps. 

Teeth similar to those of the living ~excmchzcs and Eeptrmachiccs 
are found in Jurassic and Cretaceous strata. The cranium, 
visceral arches, and paired fins of the two genera of this family 
have been described by Gegenbaur, the vertebral column by Hasse 
and Mayer, the median fins by Mivart and Mayer. 

Division 2. G A L E o I D  E I. 

Five gill-clefts on each side ; two dorsal fins, neither preceded 

The relationships of the five families which comprise this sub- 
by a spine ; anal fin present. 

order may be expressed thus :- 
Scyliorhinidse. Carchariids. 

Orectolobidse. I I 
Lamnidae. 

I I 
I I 

Odonta?spididae. 

In the Qdontaspidids and Lamnids the last gill-cleft is in front 
of or vertically above the origin of the pectora,l fin, whilst in the 
other families it is above the base of that fin. The Carchariids 
are remarkable for the development of a nictitating membrane, 
and the Orectolobids for the presence of a pair of oro-nasal 
grooves. 

The pterygo-quadrate is not articulated to the cranium, which in 
the typical forms is easily distinguished from that of other Sharks 
by the structure and arrangement of the rostra1 cartilages. These 
are three rods, of which the lower median one, an anterior pro- 
longation of the basis cranii, is directed obliquely upwards, whilst 
the two upper ones, arising from the walls of the olfactory capsules, 
converge inwards, the three nearly or quite meeting anteriorly 
(text-fig. 118, B, p. 743). This arrangement is constant throughout 
the Odontaspidide, Lamnids, Scyliorhinide, and Carchariide. In  
the Orectolobids, all of which have a very short and broad snout, 
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the three rods may be present, but short and not convergent 
anteriorly, or they may be entirely absent (text-fig. 118, 0). 

Text-fig. 118. 

C A 
Crania of Bcymnorhinw (A), Carcharias (B), and Oreetolobus (C), seen from 

r, rostrum; n, nasal capsules. 
above. (A and B after *egenbauF, C after Haswell.) 

The calcification of the vertebral centra, although subject to 
considerable modifications within the group, is nevertheless of 
great importance in determining the relationships of the families. 
The primary calcifications take the form of a series of doable cones 
which constrict the notochord vertebrally. I n  the Odontaspiclids, 
Lamnidze, and most Orectolobidze, the secondary calcifications, 
usually deposited as concentric lamina, radiate from these to the 
periphery in such a way as to leave four principal uncalcified areas 
running from the central double cone to the bases of the neural and 
h=inal arches (text-fig. 116, A, B 6: C, p. 736). I n  Chiloscyllizirn 
and in the Scyliorhinidze and Carchariidie, modifications of this 
arrangement result from a tendency for these calcifications to start, 
not from the central double cone, but from points nearer the 
periphery. In the Carchariidze and Scyliorhinidse, there may be 
developed four calcified rays, running from the central double 
cone into the four principal uncalcified areas above mentioned 
(text-fig. 116, C). The extreme of specialisation is reached in the 
Scyliorhinid genera Pristiurus and Psezcdotriacis, in w&ch the 
secondary calcification is represented only by a thin peripheral 
layer. 

The dorsal and anal k s  have their wtiIaginous supports 
typically well-developed, numerous and regularly arranged, with 
little tendency to fusion (text-fig. 120, A, p. 

The pectoral fin in the Odontaspididse, Lainni 7476 s, Scyliorhinidee, 
and Carchariids has perhaps a more primitive structure than in 

. 
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any other Euselachii. The propterygium excludes the meso- 
pterygium from the margin of the fin. The mesopterygium is 
small and articulates directly with the pectoirtl arch, and most of 
the radials are attached to the metapterygium. I n  tho Odontas- 
pididz the radials are simple, of moderate length and of com- 
paratively few segments. I n  the Lamnidce (text-fig. 119, E) they 

Text.fig.-llg. 

Skeleton of the pectoral fin of X u t e Z u s  (A), Pristizrrus (B), Orectolohus (C), 
(A after Thacher, B aiid D Heptralzchias (D), and Carclzarodon (E). 

after Gegenbaur, C and E after Haswell). 
p, propterygium ; m, mesopterygiam ; mt, metapterygium. 

are composed of several segments, and extend to the free edge 
of the fin ; they show a tendency to bifurcate, whilst short distal 
intercalated cartilages are developed, recalling the structure of the 
pectoral fin in Cladoselachus. I n  the Scyliorhinids and Carcha- 
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riidce each radial consists usnally of three segments, the proximal 
being longer than the middle ones. In the former family (text- 
fig. 119, B, p. 743) the distal segments are short, in the latter 
(text-fig. 11 9, A) they are more or less elongate. The Orectolobids 
have a more specialised type of fin (text-fig. 119, C ) ,  which bears 
considerable resemblance to that of th8 Squaliclse. The pro- 
pterygium is usually small or absent, and the mesopteiygiuin is 
enlarged ancl expanded distally ; it is more or less similar to the 
metapterygium, from which it is almost completely separated by an 
oval foramen, and bears about the same number of radials, each of 
which is simple and formed of three or more segments. 

The mixopterygia (text-fig. 11 7, B, p. 739) have a very uniform 
and special structure throughout the suborder. The axial cartilage 
is dorso-ventrally flattened ; it is usually only partly separated from 
the basipterygium by a single small proximal segment ; the acces- 
sory cartilage is small, rounded, oval or oblong in shape. The 
dorsal and ventral marginal csi-tilages are elongate and extend 
to the proximal end of the axial cartilage ; their free eclges are 
approximated and, in the ScyliorliinidE, may even coalesce. The 
terminal cartilages vary somewhat in number. The glandular sac 
contains no special glanclulsr body. 

Family 1. ODONTASPIDIDLX,. 
No nictitating membrane ; no oro-nasal grooves ; last gill-cleft 

in front of the base of pectoral *. Rostra1 cartilages convergent 
anteriorly. Vertebral centra with secondary calcifications extending 
from the central double cones to the periphery, leaving four 
principal uncalcified areas radiating to the bases of the neural and 
hsmal arches. Pectoral fin with small propterygium and meso- 
pterygium ; radials mostly attached to the metapterygium of 
moderate length. 

The genera Odontaspis and Scapaizorhynchus, which comprise 
this family, clate from the Cretaceous. They may be distinguished 
from the Lamniclce by the subequal dorsal fins. I have examined 
a centrum of Odontaspis, which presents exactly the same 
appearance in transverse section as that of OrectoEobus, clescribed 
by Hasse. 

Family 2. LAMNIDB. 
Closely allied to the Odontaspidids, differing as follows :-Last 

gill-opening, if small, vertically above the origin of the pectoral fin, 
if mitle extending downwards in front of the base of the pectoral. 
Pectoral raclittls long, extending to the free edge of the fin. 

Large pelagic Sharks, with spiracles minute or  absent, pectoral 
fins falcate and caudal strongly heterocercal. The second dorsal 
fin much smaller than the first and opposite to the anal. Most 
of the existing genera appear to clate from the Cretaceous. 

* In a stuffed specimen of Scnpanorhymhus owstoni the last gill-opening appears 
to  be anterior t o  the pectoral fin. 
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Family 3. ORECTOLOBIDB. 
Allied to the Odontaspididae, but distinguished by several 

features of specialisation. Oro-nasal grooves present; last two to 
four gill-openings above the base of the pectoral. Rostral carti- 
lages, if present, short and not convergent. Pectoral meso- 
pterygium enlarged and expanded distally, more or less similar to 
the metapterygium ; an oval foramen between the mesopterygium 
and metapterygium. 

Examination of a stuffed specimen of the large Rhinodolz 
typicus leaves no doubt that it is closely related to Ginglymostoma, 
from which genus it differs only in those features in which it 
resembles the Basking Shark, Cetorhinus muximzcs, i. e. the small 
teeth, long gill-rakers, wide gill-clefts, &c., which are obviously 
of physiological rather than phylogenetic importance. 

Probably the Mesozoic Pulmoscylliurn and Cuntioscyllium should 
be placed in this family, all the members of which have the dorsal 
fins placed posteriorly, the first not or scarcely in advance of the 
ventrals. 

Family 4. SCYLIORHINIDB. 

No nictitating membrane ; no oro-nasal grooves ; last one or two 
gill-clefts above the base of the pectoral. Rostral cartilages 
convergent anteriorly. Vertebral cenha with secondary calcifi- 
cations as in the preceding families or variously degenerated ; 
when complete, with four short calcified rays extending from the 
central double cones into each of the principal uncalcified areas. 
Pectoral fin with small propterygium and mesopterygium ; radials 
of moderate length, mostly attached to the metnpterygium, of 3 
segments. Mixopterygia with the edges of the marginal cnrti- 
lages united, forming a tube. 

Scyliorhinus and Pristiurus comprise Dog-fishes of small or 
moderate size, either littoral or inhabitants of the deep sea. 
The latter appears to date from the Jurassic, the former from the 
Cretaceous. The spiracles are well-developed, the first dorsal is 
above or behind the ventrals, and the caudal is very feebly 
heterocercal. 

I have examined a spirit-specimen of the rare Pseudotriacis 
microdom, which agrees with Pristiurus in general form, in the 
shape and position of the mouth, structure and position of the 
nostrils and spiracles, in the presence of a fold of skin below the 
horizontally elongated eye, in the position of the last gill-cleft and 
the shape of the caudal and paired fins. I have examined one of the 
caudal vertebrae, in which, as in Pristiurzcs, the secondary calcifi- 
cation is reduced to LL thin peripheral layer. From other 
Scyliorhinids, Pseudofritcois is distinguished by the longer and 
more anteriorly placed dorsal fin. 

The Cretaceous and Eocene Mesiteiu m%y belong to this family. 
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Family 5. CARCHARIID~.  
A nictitating membrane ; no oro-nasal grooves ; last one or two 

gill-clefts above the base of the pectoral. Rostra1 cartilage6 
convergent anteriorly. Vertebral centra with secondary calcifi- 
catiom, starting near the central double cones and extending to  
the periphery, forming four principal cnlcified areas (in the shape 
of a Maltese cross), between which four iincalcifiecl areas radiate 
to the bases of the neural and hsmal arches ; from the central 
double cones four calcified rays extesd a greater or less distance 
into the nncalcified areas. Pectoral fin with small propterygium 
and mesopterygium, most of the radials being attached to the 
metapterygium ; radials usually formed of three segments. 
Mixopterygia with the free edges of the marginal cartilages not 
coalescent. 

The first dorsal is usually in advance of the ventrals, rarely 
(Tricenodow) partly above them. The spiracles are small or absent. 
The caudal fin is strongly heterocercal in the pelagic genera, but 
not in the others. The family appears to date from the Eocene 
and there are 110 extinct genera. The Hammer-headed Sharks 
(Sphyrm)  perhaps cleserve to rank RS a subfamily (Sphyrninzce). 

Division 3. SQUALOIDEI.  

Five or six gill-clefts on each side; two dorsal fins; in the 
living forms each dorsal fin preceded by a spine or the a w l  fin 
absent. 

The reasons which induce me to include the Cestmciontidie and 
their extinct allies in the same suborder as the Squalidse. are 
especially derived from the structure of the median and paired 
fins and of the aixopterygia, which affords sufficient evidence of 
the close relationship of these Sharks. Each of the families 
defined below possesses certain features of specialisation and, with 
the exception of the Squa‘tinidze, which are modified Squalidse, 
must be regarded as having evolved along divergent lines from 
the same ancestral stock, which the Squalida; although the anal 
fin is absent, resemble perhaps more than the Cestraeiontids. 

The rostrum is typically a simple prolongation of the anterior 
wall of the cranium (text-fig. 118, A, p. 742), and never has the 
form characteristic of the Galeoiclei. The pterygo-quadrate is 
either not articulated to the cranium (Squaliclpe, Squatinids), or 
it may have acquired a preorbital ( C e s t m i o n h )  or postorbital 
(Hybodontirlse) articulation. 

I n  the Squalidze, Squatinide, aiicl Gestraciontid&, the primary 
calcifications of the vertebral column are in the form of double 
cones which constrict the notochord vertebmdly. I n  the first 
family secondary calcification is absent, except in P&stiophor%6s, 
which has a calcified ring external to and separated from the 
central double cone, I n  A’qzbcdiaffi a seriea of concentric calcified 
Jamiuse surrounds the central double cone. I n  the Cestraciontida 
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the secondary calcification forms a series of radiating ridges, 
which do not appear to reach the periphery and are directed 
without relation to  the neural and hremnl arches. The vertebral 
column seems to have been nncalcifiecl in the OroclontidE, 
Cochliodontids, and ECybodontinre. According to Smith Wood- 
ward, the vertebrs in Pcdceospimnx tvere " cyclospondylic, 
sometimes feebly asterosponclylic," and in Spechodus  " distinctly - .  
asterospondylic." 

I n  the Hybodontidw and Cestraciontidae, most Squalids, and at 
any rate some Cachliodontids, each dorsal fin is preceded by R 

Text-fig. 120. 

. B 
1-- A 

C D 

E F 
Skeleton of the dorsal fin of Mustelus (A), Heptranchias (B), Cestracion (C), 

(A after Thaclier, &'qualm (D), PristiopAorus (E), and Sqwt ina  (F). 
B and P after Yayer, E after Miwrt.) 

r, spine; b, basals; r, radials; m, marginals. 

spine. There can be no question as to the homology of the 
dorsal fin-spines in the Gestraciontids and Squalids, since they 
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are exactly similar in structure and position, and pierce the skin 
in the same manner. Each spine is pointed and more or  less 
cylinclrical, and is hollow and implanted on a process of a large 
basal cartilage which supports all or most of the series of radials. 
This cartilage is deep proximally and has the upper edge oblique ; 
it may be triangular or four-sided, but with the posterior edge 
much shorter than the anterior one. A precisely similar arrange- 
ment has been found in Eybodus. When the spine becomes 
rndimentary or is entirely lost, this characteristic arrangement of 
the cartilages may be slightly modified (text-fig. 120, C, D, E & F, 

The cartilaginous supports of the pectoral fin (text-fig. 121) have 
typically the following arrangement :-The propterygium bears a 
single radial and excludes the mesopterygium from the edge of 
the fin. The mesopterygium is well-developed; i t  is narrowed 

Text-fig. 121. 

p. 747). 

Skeleton of the pectoral fin of &patina (A), BquaZus (B), and Pliotreina (C). 
(B after Gegenbaur.) 

p ,  propterygium ; m, mesopterygium ; mt, metapterygium. 

proximally, where it articulates direct with the pectoral a,rch, 
and expanded distally, bearing a considerable number of radials. 
The metapterygium is usually similar to the mesopterygium and 
bears about as many radials. The raclials are simple and mostly 
formed of - 3  segments (Squalidre) or 4 (Squatinidw) or several 

% (Cestraciontidw). 
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This type of fin is found in Xpualus, Pristiophorus, and Hylbodzcs. 
Modifications arise from the fusion of pro- and meso-pterygia 
(Cestracion), or of meso- and meta-pterygia (Centrophorus), or of 
all three (Xcymnorhinus), and also from fusion of the proximal 
segments of the mesopterygial radials (Cestraciow). The pectoral 
fin in Squatina is very similar to that of Squalus, but the pro- 
gterygium is directed forward and bears several radials. 

The mixopterygia (text-fig. 117, A, p. 739) present certain con- 
stant characteristics. The axial cartilage is cylindrical and distally 
pointed ; it is separated from the bssipterygium by one, two, or 
three proximal segments ; the accessory cszrtilage, when present, 
retains the form of a radial with but little modification. Usually 
the ventral marginal cartilage is conhed to the distal part of the 
appendage, but sometimes (e. g. in ficymmorhinws) it extends nearly 
to the proximal end of the axial cartilage. The glandular sac 
contains no special glandular body, except in Xquatinw, which is 
peculiar also in that a ventral covering piece is developed. 

Family 1. COCHLIODONTIDB. 
Carboniferous Sharks in which L‘ at least one of the transverse 

series of teeth encircling each ramus of the jaw is fused into a 
continuous curved plate.” Dorsal fin-spines often present ; 
vertebral column uncalcified and probably acentrous. 

. Family 2. HYBODONTIDB. 
Body not depressed ; five gill-clefts on each side. Each dorsal 

fin preceded by a spine; anal fin present; pectorals normally 
shaped. Teeth all separate. Pterygo-quadrate with a well- 
cleveloped postorbital aFticulation with the cranium. 

ozoic and Mesozoic Sharks which may be grouped into two 
subfamilies :- 

Fin-spines with longitudinal ridges or series 
of tubercles ; vertebral column uncalcified and probably 
acentrous. 

This subfamily perhaps includes two groups which cannot, a t  
present, be properly defined. The Permian and Carboniferous 
Orodus, Cumpodus, etc. are, according to Eastman, characterised 
by the pmsence of a eingle enlarged series of symphysial teeth, 
presumably belonging to the lower jaw. The Mesozoic flybodus, 
x l ~ o d z ~ s ,  and Astemmmthzcs form a very natural group ; the 
males have paired postorbital cephalic spines. The lateral teeth 
are elongate and the symphysinl teeth few and large (in comparison 
with Cestracion). From Hyboclus, with conical or cuspidate teeth, 
we pnss t o  ilcrodus, with rounded non-cuspidate teeth, and thence 
to  Asteracanthus, with flattened quadrate teeth. Extraordinarily 
well-preserved remainsof Hybodus have been described by Campbell 
Brown. They show the postorbital articulation of the pterygo- 
quadrate and the structure of the median and paired fins. The 

A. €Tybodonti~~ce. 
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cartilages of the dorsal fin are very similar to those of the existing 
C'estracionticlse and Squalid=. The pelvic fin is remarkable for 
its primitive structure, only 6 basalia being fused to form a basi- 
pterygium, the posterior 8 being distinct. If Campbell Brown's 
interpretation of the pectoral fin be accepted, its structure is quite 
unlike that of any knowm Shark. I am convinced, however, thrte 
he has mistaken the propterygium for the metapterygium and 
vice uersa, and that' the .fin is in reality almost exactly similar to 
that of Sqmlus or Yristiophorus. 

B. PaZceos@nacina. Dorsal fin-spines smooth. No cephalic 

TheTriassic and Cretaceous genera Palceospinax and Synechodws 
have a dentition not nnlike that of EFbodus, to which they aiw 
e~idently related. The postorbital articulation of the pterygo- 
quadrate has been described in Spze&odus by Smith Woodward. 

spines. Vertebral column with calcified centm. 

Family 3. CESTUCIONTIDB. 

Body not depressed ; five gill-clefts on each side, the posterior 
ones above the base of the pectoral fin. Paired oro-nasal grooves 
present. Each dorsal fin preceded by a spine ; anal fin present ; 
pectoral8 normally shaped. Pterygo-quadrate with prreorbital 
articulation to the cranium, the palato-basal process being broad 
and greatly developed. 

The genus Cestruciom, ranging from the Jnrassic to the present 
day, may be regarded as allied to the Hybodontida in m far as 
both have been derived from a common ancestor wi%h a generalised 
dentition and without articulation of the pt-erygo-quadrate to the 
cranium. "he resemblance of the lateral teeth to those of Acrodws 
most certainly does not indicate any special mlationship to that 
genus, which is clearly a modified Eybodus. 

Family 4. SQUALIDB. 

Five or six gill-clefts on each side, the 
last in front of the base of the pectoral, which is normally shaped. 
No oro-nasal grooves. Ewh dorsal fin oftien preceded by a spine ; 
no anal fin. Teeth small or moderate, sometimes conical or 
cuspidate, often compressed. Plerygo-quadrate not articulated to 
the cranium. Vertebral centra calcified. 

Of the Squalinse, Sgucclzcs and Centrophorus appear to date from 
the Cretaceous. 

Some authors would place the genera with normal snout and 
without apparent dorsal fin-spines in a distinct family, but it 
must be borne in mind that the recent researches of Helbing has-e 
shown that rudimentary spines are present. Moreover, in some 
species of Centroscynanus the spines are very small and do not 
even pierce the skin. 

Jaekel has described the anatomy of Pristiophorus in detail and 

Vertebral centra calcified. 

Body not depressed. 
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has shown that it is closely related to Squalus. The anatomy of 
Pvistis has been described by Gegenbaur and agrees in all essential 
features with that of Rhinobatus. I n  spite of these researches the 
writers of modern text-books still seem to believe in some special 
relationship between these -two genera, which resemble each other 
to a certain extent in the appearance of the saw-like rostrum, but 
differ so widely in other respects. 

Family 5. SQUATINIDE. 

Five gill-clefts on each side, the last in front 
of the base of the pectoral, which is produced forward external to 
the gill-clefts, this anterior extension being free from the body. 
Dorsal fins without spines, situated on the tail ; anal fin wanting. 
Teeth subconical, pointed. Pterygo-quadrate not articulated to 
the cranium. Vertebral centra calcified. 

The remarkable genus Squatima, dating from Jurassic and 
Cretaceous times, is unquestionably related to the Squalidse. It 
has been regarded as a connecting-link between the Sharks and 
Rays, but in the strongly depressed form of the body and the 
backward shifting of the dorsal fins it has gone further than the 
more primitive of the true Batoids, yet without modification of 
pterygo-quadrate, hyomandibular, hyoid or  pectoral arch from the 
Squaloid type. The gill-clefts are lateral in position and crowded 
together. The arrangement of the cartilages of the pectoral fin 
is far more similar to that found in the Squalidse than to that of 
the Batoids. The cartilaginous supports of the dorsal fin are 
arranged as in the Squalidse. The paired prseorbital cartilages 
typical of the Batoidei are absent. 

I n  favour of Batoid relationships may be cited the calcification 
of the vertebral column, which is rather similar to that of the 
Rhinobatids, and the structure of the mixopterygia, which, 
although extremely similar to those of Squalus, present two features 
characteristic of the Batoids, viz. the development of a ventral 
covering piece and the presence of a special glandular body in the 
glandular sac. 

To sum up then :-In all essential characters, i. e. position of 
the gill-clefts, structure of pterygo-quadrate, hyomandibular, hyoid 
and pectoral arch, arrangement of the cartilaginous supports of 
the pectoral fin, Squatima is a typical Squdoid. I n  these and other 
features it shows specially close relationship to the Squalidae. The 
depressed body, the extension forward of the pectoral fins, and 
the backward position of the dorsal fins are Ray-like features of 
specialisation which do not, however, appear to  indicate Batoid 
relationships. Finally, the structure of the vertebral column and 
the mixopterygia point to real affinity to the Hypotremata, and 
we must infer that both they and Squffitina have evolved from 
Sharks similar to the Squalidae, but in which probably the 
vertebral column and the mixopterygia had already attained a 
structure somewhat similar to that found in Squffitirta. 

Body depressed. 

PROC. ZOOL. Soc.-1906, No. L. 50 
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Suborder 2. HYPOTREMATA. 

I n  addition to the features enumerated above which distinguish 
the members of this suborder from the Pleurotremata, we may 
note other6 which are common to all the members of the group. 

There are 5 pairs of gill-openings. 
The dorsal fins, if present, are not preceded by spines and are 
placed more or less posteriorly, the first never in advance of the 
pelvics; the anal fin is wanting. The elongate propterygium 
is directed forwards and may be divided into several segments ; 
it bears a considerable number of radials ; the backwardly directed 
metapterygium is similar to the propterygium ; the comparatively 
small mesopterygium bears relatively few rays ; increase in length 
of the region of articulation may or may not be accompanied by a 
corresponding elongation of the mesopterygium. I n  the former 
case (Rhinobatids, Raiida) one or more radials become distinctly 
attached to the pectoral arch between mesopterygium and meta- 
pterygium ; in the latter (Dasybatids) the mesopterygium may 
segment into two or three pieces *. 

The mixopterygia (text-fig. 117, C, p. 739) show the following 
peculiarities :-The axial cartilage ends in a rather broad, flat 
pmcess with a rounded edge; i t  is separated from the basiptery- 
gium by from two to four proximal segments. The accessory 
cartilage (wanting in Narcime) is radial-like, but more or less 
flattened ; proximally it is attached to the first axial segment and 
distally to the axial cartilage proper. One or more covering pieces 
are developed and there is a special glandular body in the glandular 
sac. 

Division 1. N A R c o B A T  O I D  EI. 

Paired electric oreans between the pectoral fins and the head. 
Rostra1 cartilages paired or branched. Prsorbital cartilages greatly 
expanded, reticulated or branched, extending forwards to the 
anterior margin of the snout, articulated on each side proximally 
to a process of the upper or anterior wall of the nasal capsule and 
distally to the anterior end of the propterygium (text-fig. 122, B). 
Suprascapulie united above the vertebral column (text-fig. 123, A, 

Family TORPEDINIDLE. 

The body is depressed. 

p. 754). 

Dorsal fins two, one or none, if present situated on the tail ; 
Gqudal fin present; pelvics not notched. Basalia of the dorsal 
fin in small number (3) ; radials in moderate number (S), sifnple, 
of moderate length, not nearly extending to the free edge of the 
fin. None of the radials of the pectoral fin directly attached to the 

* Comparison of the pectoral cartilages in Dasybatis and Xyliobatis convinces 
me that this is the true explanation of the structare of the latter. Gegenbaur 
considered that the posterior segments were formed by the fusion of proximal 
segments of radials which had become attached to the pectoral arch. 
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pectoral arch. Mixopterygia with two proximal axial segments, 
with the marginal cartilages rather short and distal in position, 
with three terminal pieces and a large ventral covering piece, and 
with the glandular body extending nearly to the distal end of 
the appendage. Vertebral centra with secondary calcificatiom 
deposited either continuously or as concentric laminae, forming 
ridges which show various patterns in cross section*. 

Text-fig. 122. 

Anterior part of cranium of Rhynchobatus (A). Torpedo (B), and Dasybatis (C). 
(A aud B seen from below, after Gegeubaur; C seeu from above, after Haswell.) 

r, rostrum; n, nasal capsules.; p ,  preorbital cartilages. 

The head and trunk, with the pectoral fins, form a smooth 
subcircular disc, and the tail is rather short and &tout, with a 
longitudinal fold on each side. 

Division 2. B A T o I D E I. 

No electric organs between the pectoral fins and the head. 
Rostmni, if developed, simple, unpaired. Prmorbital cartilages 
simple, short or of moderate length, not extending forwards, 
attached on each side to the lateral or posterior wall of the nasal 
capsule (text-fig. 122, A & C). Suprascapulz united to the ver- 
tebral column t (text-fig. 123, C, p. 754). 

* The forms figured by Hasse in some cases bear a considerable resemblance to 
the Lamnidre, in others to the Cestraciontide. 

t According to Gegenbaur, who has been followed in this matter by other 
anatomists, there is no separate suprascapula in these fishes, but a cartilaginous 
expansion of the fused neural arches, to which the pectoral arch is on each side either 
simply attached (Rhinobatidre, Raiidre) or articulated by means of a ball-and-socket 
joint (Dssyhatidae). 

The 
neural arches in this region form a ridge to which the suprascapular cartilages are 
firmly united, the line of junction in all cases remaining quite visible. Although 
different enough from the Narcobatoid type, the distinction is not so marked as has 
bocn supposed. 

Dissection of several genera has convinced me that this view is erroneous. 
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Family 1. RHINOBATIDZ. 

Dorsal fins two; caudal fin present; pectorals of varying 
extent; pelvics not notched. Bwalia of the dorsal fin in small 
number (2 only supporting the radials of the fin) ; radials rather 
numerous, simple, short or of moderate length, not nearly extending 
to the free edge of the fin. One or more of the radials of the pec- 
toral fin often articulated directly to the pectoral arch between 
mesopterygium and metapterygium. Mixopterygia with 3 or 4 
proximal axial segments, with the marginal cartilages long and 
extending to the proximal end of the axial cartilage (in Rhiitobatzcs), 
with three terminal pieces and a large ventral covering piece, 
and with the glandular body extending nearly to the distal end of 
the appendage. Vertebral column with the secondary calcification 
either homogeneous or lamellar in structure, complete or forming 
8 rays-a dorsal, a ventral, 2 lateral, and the others between them. 

Text-fig. 123. 

A 

C 
B 

Diagrams illustrating the relations of pectoral arch and vertebral column in the 
Narcobatoidei (A), Pleurotremata (B), and Batoidei (C). 

u, vertebral column j c, coraco-scapular cartilage ; a, suprascapula. 

I n  the Pristinre the produced rostrum is armed on each side 
with a series of teeth and the pectoml fins do not reach the pre- 
orbital cartilages. The extinct Xclerorhynchus occurs in the 
Cretaceous and Pristis dates from the Eocene. In the Rhinobatinae 
the snout is not armed with teeth and the prreorbital cartilages arti- 
culate with the propterygia. Rhinobatw of the present day had 
several representatives in Jurassic and Cretaceous times. The 
remarkable Jurassic genus Astroderinus should apparently be 
placed here. 
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111 all the members of this family the teeth are small and 
obtuse. There is a more or less distinct longitudinal fold on each 
side of the tail. The differences in the shape of the body and the 
development of the pectoral fins are considerable, but from 
anatomical considerations there ca.n be no question that we are 
here dealing with a very natuml group. Discobatue, in which 
the pectoral fins extend as far forward &s in Raia, resembles 
Rhimobatzcs in the arrangement of tbe cartilages of the dorsal fin 
and in the shape of the ventrals, and should not be placed in the 
Raiidae. The number of radials directly attached to the pectoral 
arch varies from none in Xclmorhymohue and one in  Pristis to eight 
in Trygomrhi?u;c. 

Family 2. RAIIDB. 
Usually 

two small dorsal fins near the extremity of the tail ; caudal fin 

Text-fig. 124. 

Praeorbital cartilages articulated to the propterygia. 

A 

Skeleton of the dorsal fin of Torpedo (A), Rhitiobatwr (B), Xyliohatis (C),  
and Psammobatis (D). 

b, basals ; r, radials. 

small or absent; pectorals extending to the snout, sometimes 
confluent anteriorly ; pelvics notched. Basalia of the dorsal fin 
directed obliquely upwards and backwards, anteriorly imbedded 
in the body, elsewhere connected by a membrane to the back of 
the tail ; radialia nearly reaching the fqee edge of the fin, some 
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of them branched. Some of the radials of the pectoral fin articu- 
lated directly to the pectoral arch between mesopterygium and 
metapterygium. Mixopterygia with 2 proximal axial segments, 
with the marginal cartilages long, the dorsal one extending nearly 
to the proximal end of the axial cartilage and the ventral one 
not quite 80 far, with 5 or 6 terminal pieces and 1 to 3 dorsal 
covering pieces, and with the glandular body restricted to the 
glandular sac proper. Vertebral column with the secondary 
calcification much as in the preceding family, but with dorsal and 
ventral rays most developed. 

PrincipaI genera : Rak, Psammobatis, Xynapterygia. The 
former dates from the Cretaceous ; the Cretaceous genus Gyclobatk 
is allied to ~ ~ ~ ~ t e r ~ g i ~  *. 

The Raiidse are clearly modified from Rhinobatida of the type 
of Rhinobatus, to which they bear a considerable resemblance. In 
the dentition and in the presence of two longitudinal folds on the 
side of the tail similar t o  the preceding family, but in the greater 
development of the pectorals and the degeneration of the verticd 
fins of a more specialised type. Psammobatis is peculiar in lacking 
a rostra1 prolongation of the cranium. 

Family 3. DASYBATIDB. 
Dorsal fin 

absent or else a single small fin situated near the root of the 
tail; caudal fin present or not;  pectoral fins extending to the 
extremity of the snout ; peIvics not notched. Often one or more 
strong serrated spines on the tail, behind the dorsal fin if this be 
present. Rasalia of the dorsal fin more deeply imbedded anteriorly 
than posteriorly ; radials branched, extending to the free edge of 
the fin. Pectoral mesopterygium extending the whole of the 
distance between propterygium and metapterygium, sometimes 
segmented into 2 or 3 pieces. Mixopterygia with 2 proximal 
axial segments, with marginal cartilages of moderate length and 
distal in position, with 2 terminal pieces and 1 or 2 ventral 
covering pieces, and with the glandular body extending nearly to 
the distal end of the appendage. Vertebral column with secondary 
calcification much as in the Rhinobatidse. 

Several of the recent genera as well as the extinct Xiphotrygort 
occur in the Eocene. The Cretaceous Ptychodus appears to be 
intermediate between Basybcttis and Mpliobatis. 

The lateral tail-folds characteristic of the preceding families 
are usually absent, but vertical folds may be developed. A 
cartilaginous rostrum is absent. Dissection of a specimen of 
Myliobatis aquila shows that the generally accepted idea that the 
pectoral fins are interrupted, leaving the sides of the head free 
and reappearing at the extremity of the snout, is erroneous, The 
propterygia have exactly the same form and extent as in Dassybatis 

In Symptewgiu the pclvishw well-developcd przpubic piocesrcu, ab in CycZobaCis. 
fn the latter the oiilargcd- anterior pelvic d i d  has bocn mistukcn for a lutcml 
procebs of the pelvis. 

Pmorbital cartilages articulated to the propterygia. 
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and bear well-developed radialia throughout. For Mylwbatis and 
the allied genera it may then be stated that the pectoral fins are 
continuous, but are very muscular and have the anterior edge 
emarginate. Gegenbaur’s dissection of the pectoral fin in this 
species shows a radial attached to the pectoral arch between the 
first and second segments of the mesopterygium ; this is not the 
case in my specimen. 

The mixopterygia of Dasybwtis, Te,niura and M?&obatis have 
been described by Huber, who has shown that they are extremely 
siinilar throughout. 

BIBLIOURAPEY. 

The well-arranged bibliography at the end of Dean’s ‘ Fishes 
Living and Fossil ’ (1895) will be found useful. The more 
important works dealing with Selachian classification are the 
following :- 

1. 

2. 

3. 

4. 
5. 
6. 
7. 

8. 
9. 

10. 
11. 
12. 

Cavier et Valenciennes, Histoire naturelle des Poissons, I. 

Miiller u. Henle, Systematische Beschreibung der Plagio- 

A. DumBril, Histoire naturelle des PoipIsons, I. Elasmo- 

Gunther, Catalogue of Fishes, VIII. (1870). 
Gunther, An Introduction to the Study of Fishes (1880). 
Haswell, Proc. Linn. SOC. N. 5. Wales, ix. 1884, p. 71. 
Smith Woodward, Catalogue of Fossil Fishes, I. (1889) k 

Jaekel, Die Eocanen Selachier von Monte Bolca (1894). 
Jordan & Evermann, The Fishes of North and Middle 

Smith Woodward, Vertebrate Palseontology (1898). 
Jaekel, Sitzungsb. Ges. naturf. Fr. Berlin, 1898, p. 44. 
Bridge, The Cambridge Natural History, Fishes (1904). 

(1 828). 

stomen (1861). 

branches (1865). 

11. (1891). 

America, I. (1896). 

Cuvier and Valenciennes (l), Dum&il(3), and Smith Woodward 
(7) give general accounts of the changes in claasification and 
nomenclature introduced by their predecessors, 

Gegenbaur has described the cranium and visceral arches (14) 
the pectoral arch and fin (1 3), and the pelvic fins (15) in a number 
of types. This work has been supplemented by Haswell (6) ; whilst 
other authors have described the skeleton of isolated genera-i. e., 
Chlccmydoselachus (1 6 ) ,  Pristiophorzcs (1 7), Scapccnorhymhm or 
Mitszcukzo*ina (18), Somniosus (19). 

13. Gegenbaur, Unters. vergl. Anat. Wirbelth. 11. (1865). 
14. Gegenbaur, op. cit. 111. (1872). 
15. Gegenbaur, Jenaische Zeitschr. v. 1870, p. 448. 
16. Garman, Bull. Mus. Comp. Zool. xii. 1885, p. 1. 
17. Jaekel, Arch. f. Nat. lvii. 1891, p, 15, 
18. Jordan, Proc. Gal. Ac. (3) i. 1898, p. 199. 
19. Helbing, Acta Ao. German. Ixxxii. 1904, p. 335. 



758 ON SBLACHIAN FISHES. [June 19, 

The following dm1 &h the vertebral column :- 
20. h e ,  Das rtzltiirliche System der Elasmobrachier (1879- 

21. Mayer, Mittheil. Zool. Stat. Neapel, vi. 1885, p. 217. 
22. Gadow and E. C. Abbott, Phil. Trans. Roy. Soc. clxxxvi. 

23. Ridewood, Journ. Linn. SOC. (Zool.) xxvii. 1899, p. 46. 
Gadow gives a bibliography which may be consulted for 

further references. 

The literature of the paired fins up to 1892 is summarised by 
Wiedersheim (31), and from then to 1901 by Boulenger (33). 
The following may be mentioned here :- 

24. Thacher, Trans. Connect. Ac. iii. 1877, p. 281. 
25. Thacher, op. cit. iv. 1877, p. 233. 
26. Balfour, A Monograph of the Development of Elasmo- 

27. Mivart, Trans. Zool. Soc. x. 1879, p. 458. 
28. Balfour, A Treatise on Comparative Embryology (1880-81). 
29. Dohrn, Mittheil. Zool. Stat. Neapel, v. 1884, p. 161. 
30. Mayer, Mittheil. Zool. Stat. Neapel, vi. 1885, p. 217. 
31. Wiedersheim, Das Gliedmassenskelet der Wirbelthiere 

32. Kerr, Proc. Cambridge Phil. SOC. x. 1900, p. 227. 
33. Boulenger, Les Poiwons du Bassin du Congo (1901). 

Important memoirs dealing with the mixopterygia are :- 
34. Jungersen, The Danish Ingolf Expedition, 11. 2 (1899). 
35. Huber, Zeitschr. f. wiss. Zool. Leipzig, lxx. 1901, p. 592. 

Smith Woodward’s Catalogue (7) and the bibliography a t  the 
end of his Text-book (lo), as well as the references in Zittel’s 
book (43), should be consulted for the literature on fossil Sharks. 
I n  addition to Jaekel’s works already quoted (8 & 11) I may 
cite :- 

1885). 

1895, p. 163. 

branch Fishes (1877). 

(1 892). 

36. 
37. 

38. 

39. 
40. 
41. 
42. 

43. 

Traquair, Geol. Mag. 1888, p. 82. 
Fritsch, Faun. Gaskohle Permform. Bohm. ii. p. 99 

Jaekel, Sitzungsb. Ga. naturf. Fr. Berlin, 1890, p. 119. 

Dean, Journ. Morphol. ix. 1894, p. 102. (CZadoselwhus.) 
Cope, Journ. Ac. Philad. ix. 1895, p. 427. (Symmoriunz.) 
Campbell Brown, Palaeontogr. xlvi. 1900, p. 149. (Bybodus.) 
Hay, Trans. Am. Phil. SOC. (2) xx. 1902, p. 63. (Chrono- 

Zittel, Text-book of Palceontology (Eastman’s translation), 

(Cladodus.) 

(1889), & iii. p. 3 (1890). 

(Finspines.) 

logical distribution.) 

11. (1902). 

P. Z. S. IsO6, pp. 170-482, were published on August 231*d, 1906. 


